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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  an  enclosed  non-aqueous  secondary  cell  capable  of  shutting-off  the  electrical 
connections  within  the  cell  when  the  temperature  and/or  internal  pressure  thereof  increase  and  more  particularly  to  an 
explosion-proof  valve  structure  used  in  the  non-aqueous  secondary  cell. 

The  recent  progress  in  high  quality,  small-sized  and/or  portable  electronic  apparatuses  has  required  the  use  of  a 
secondary  cell  having  a  high  energy  density,  as  a  power  supply  means  for  these  electronic  apparatuses,  instead  of 

10  the  conventional  cells  such  as  nickel-cadmium  cells  and  lead  storage  batteries.  Under  such  circumstances,  there  have 
recently  been  investigated  and  developed  nickel-hydrogen  cells  which  make  use  of  hydrogen  absorbing  alloys  as 
negative  electrode  materials  and  non-aqueous  secondary  cells  which  make  use  of  substances  capable  of  absorption 
and  release  of  a  light  metal  as  positive  and  negative  electrode  materials,  and  such  cells  have  already  been  used  in 
some  of  these  electronic  apparatuses.  In  particular,  an  enclosed  non-aqueous  secondary  cell  which  makes  use  of 

is  electrodes  capable  of  absorbing  and  releasing  lithium  has  a  high  cell  voltage  on  the  order  of  3.6  V  and  a  high  energy 
density.  Therefore,  the  size  and  weight  thereof  can  be  reduced.  Moreover,  the  enclosed  non-aqueous  secondary  cell 
has  a  low  degree  of  self-discharge  and  is  excellent  in  cycle  life  and  thus  it  would  be  presumed  that  such  a  cell  is  widely 
used,  for  the  future,  as  a  power  source  for  portable  machinery  and  tools. 

In  a  non-aqueous  secondary  cell,  the  cell  voltage  abnormally  increases  if  a  current  greater  than  a  predetermined 
20  level  flows  through  the  cell  for  some  reasons  during  charging  and  the  internal  pressure  in  the  cell  correspondingly 

increases  due  to  decomposition  of  the  electrolyte,  i.e.,  a  gas-generation  reaction.  Moreover,  if  the  overcharge  condition 
is  further  continued,  the  rate  of  the  decomposition  reaction  is  accelerated  and  this  leads  to  an  abrupt  increase  in  the 
cell  temperature  and  in  the  internal  pressure  thereof  and  the  cell  is  finally  damaged.  Japanese  Un-examined  Patent 
Publication  (hereunder  referred  to  as  "J.  P.  KOKAI")  No.  Hei  2-112151  discloses  a  non-aqueous  secondary  cell  provided 

25  with  a  current-cutoff  means  which  can  operate  in  response  to  an  increase  in  the  internal  pressure  in  the  cell  as  a 
measure  for  ensuring  safety  during  such  overcharge. 

In  general,  the  enclosed  secondary  cell  also  causes  an  increase  in  the  temperature  thereof  upon  formation  of  a 
short  circuit  and/or  during  overcharge  and  this,  in  turn,  results  in  evaporation  of  the  electrolyte  accommodated  in  the 
cell  and  hence  an  increase  in  the  internal  pressure  thereof.  If  this  condition  lasts  over  a  long  period  of  time,  the  internal 

30  pressure  of  the  cell  continuously  increases,  the  cell  would  finally  be  exploded  and  the  peripheral  devices  are  corre- 
spondingly  damaged.  For  this  reason,  the  cell  of  this  type  is  equipped  with  an  explosion-proof  valve  which  can  externally 
discharge  gases  generated  within  the  cell  at  an  instance  when  the  internal  pressure  of  the  cell  arrives  at  a  predetermined 
level. 

The  enclosed  non-aqueous  secondary  cell  is  likewise  provided  with  an  explosion-proof  valve,  but  it  has  recently 
35  been  found  that  although  the  explosion-proof  valve  is  actuated  at  a  predetermined  internal  pressure  of  the  cell  to 

externally  discharge  the  gases  generated  within  the  cell,  the  cell  temperature  still  continues  increasing  and  the  cell  is 
finally  exploded,  in  particular,  during  overcharge.  It  is  assumed  that  this  is  caused  for  the  following  reason.  The  current 
continues  to  flow  even  after  the  discharge  of  gases,  the  cell  temperature  correspondingly  continues  to  increase  simul- 
taneously  with  an  increase  in  the  internal  pressure  of  the  cell,  this  results  in  an  abnormal  reaction  such  as  abrupt 

40  decomposition  of  the  electrolyte  and  active  materials  and  accordingly,  the  cell  causes  an  abrupt  temperature  raise. 
The  cell  disclosed  in  J.  P.  KOKAI  No.  Hei  2-112151  comprises,  as  shown  in  Fig.  14,  an  explosion-proof  valve  6 

having,  at  the  central  portion  thereof,  a  projected  part  protruding  towards  the  side  of  an  electrode  group;  an  insulating 
stripper  15  having,  at  the  central  part  thereof,  a  through  hole  for  passing  the  projected  portion  of  the  valve  6  and 
positioned  in  such  a  manner  that  the  stripper  15  comes  in  contact  with  the  back  face  of  the  valve  6;  and  a  lead  plate 

45  4  extended  from  one  of  electrode  plates  of  the  electrode  group  and  welded  to  the  lower  face  of  the  projected  portion 
so  as  to  bridge  the  gap  between  the  back  face  of  the  stripper  15  and  the  lower  face  of  the  projection  of  the  valve  6, 
which  are  arranged  at  a  closing  lid  portion.  In  this  case,  if  the  internal  pressure  of  the  cell  begins  to  increase  due  to, 
for  instance,  overcharge  and/or  formation  of  a  short  circuit,  the  explosion-proof  valve  6  causes  deformation  towards 
the  side  opposite  to  the  electrode  group  and  the  lead  plate  4  welded  to  the  projected  portion  of  the  valve  6  is  simulta- 

so  neously  peeled  off  and/or  broken  at  the  welded  portion  in  response  to  the  deformation  of  the  explosion-proof  valve. 
Thus,  the  current  path  is  cut  off  and  the  worst  case,  i.e.,  explosion  of  the  cell  can  be  prevented  before  it  happens. 

First  of  all,  however,  when  the  explosion-proof  valve  6  is  deformed  towards  the  side  opposite  to  the  electrode  group 
in  the  cell  disclosed  in  the  foregoing  patent,  the  lead  plate  4  is  pulled  into  the  through  hole  of  the  insulating  stripper  1  5 
and  the  current  path  is  not  always  cut  off  with  certainty.  Secondly,  the  lead  plate  4  in  a  floating  state  may  come  in 

55  contact  with  the  inner  wall  of  an  armoring  can  and  may  sometimes  form  a  short  circuit  even  if  the  lead  plate  4  is  peeled 
off  from  the  explosion  -proof  valve  6  and/or  broken.  Thirdly,  the  precision  of  the  cutoff  of  the  current  path  by  the  explosion- 
proof  valve  6  is  greatly  affected  by  that  of  the  weld  strength  or  breaking  strength  of  the  lead  plate  4  and  further  the 
foregoing  welded  portions  are  exposed  to  an  electrolyte  atmosphere  at  the  side  of  the  electrode  group  in  this  structure. 

2 
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Therefore,  the  foregoing  strength  is  influenced  by,  for  instance,  corrosion  of  the  welded  portion  with  time,  accordingly 
the  current  path  is  often  cut  off  even  when  the  cell  is  simply  dropped  or  by  a  vibrational  action  or  the  current  path  is 
not  cut  off  even  when  the  internal  pressure  abnormally  increases  and  correspondingly,  the  cell  is  often  exploded. 
Fourthly,  the  lead  plate  4  is  welded  to  the  projection  of  the  explosion-proof  valve  6,  a  pinhole  is  sometimes  formed  due 

5  to  insufficient  welding  and  in  such  a  case,  the  current  path  cannot  be  cut  off  since  the  explosion-proof  valve  6  does 
not  cause  deformation  even  when  the  internal  pressure  of  the  cell  increases. 

In  addition,  the  cell  disclosed  in  Japanese  Un-examined  Utility  Model  Publication  No.  Hei  5-62956  comprises,  as 
shown  in  Fig.  15,  an  explosion-proof  valve  6  called  rupture  disc  having,  at  the  central  part  thereof,  a  dome-like  projection 
protruding  towards  the  side  of  a  group  of  electrodes  and  a  lead  plate  4  extended  from  one  of  electrode  plates  of  the 

10  electrode  group  and  electrically  connected  to  the  projected  portion  of  the  valve  6  at  a  closing  lid  portion.  In  this  cell, 
when  the  internal  pressure  begins  to  increase,  the  dome-like  projection  of  the  valve  reverses  in  the  direction  opposite 
to  the  electrode  group  and  causes  considerable  deformation.  At  the  same  time,  the  electrical  connection  between  the 
valve  6  and  the  lead  plate  4  is  disconnected  and  thus  the  current  path  is  also  cut  off.  In  addition,  the  dome-like  projection 
is  partially  broken  and  the  gas  generated  within  the  cell  is  accordingly  discharged  from  the  cell. 

is  Further  the  cell  disclosed  in  J.  P.  KOKAI  No.  Hei  5-343043  has  a  structure  approximately  identical  to  that  disclosed 
in  J.  P.  KOKAI  No.  Hei  2-1  121  51  ,  but  a  metal  thin  plate  or  a  metal  disc  16  lies  between  a  projected  portion  of  an  explosion- 
proof  valve  6  and  a  lead  plate  4  as  shown  in  Fig.  16.  This  cell  is  designed  in  such  a  manner  that  when  the  internal 
pressure  of  the  cell  increases,  the  connection  between  the  projected  portion  of  the  valve  6  and  the  metal  thin  plate  or 
metal  disc  16  is  disconnected  and  the  current  path  is  thus  cut  off. 

20  As  will  be  seen  from  Fig.  17,  the  cell  disclosed  in  J.  P.  KOKAI  No.  Hei  5-347154  comprises,  at  a  closing  lid  portion, 
an  explosion-proof  valve  6;  a  metal  disc  17  welded  to  the  portion  of  the  valve  which  causes  deformation  when  the 
internal  pressure  of  the  cell  increases  from  the  side  of  a  group  of  electrodes;  a  lead  plate  4  extended  from  one  of 
electrode  plates  of  the  electrode  group  and  electrically  connected  to  the  metal  disc  1  7  on  the  side  facing  the  electrode 
group;  and  a  working  plate  1  8  pressed  against  the  explosion-proof  valve  6  on  the  side  opposed  to  the  electrode  group. 

25  In  this  cell,  when  the  internal  pressure  of  the  cell  increases  due  to,  for  instance,  overcharge  or  short,  the  explosion- 
proof  valve  6  causes  deformation  towards  the  direction  opposite  to  the  electrode  group  while  pushing  the  working  plate 
18  up,  the  welded  portion  between  the  valve  6  and  the  metal  disc  17  is  peeled  off  and  the  current  path  is  thus  cut  off. 

As  will  be  seen  from  Fig.  18,  the  cell  disclosed  in  J.  P.  KOKAI  No.  Hei  5-205727  comprises,  at  a  closing  lid  portion, 
a  bimetal  1  9  fitted  to  the  outer  periphery  of  a  cap  which  also  serves  as  a  positive  or  negative  electrode;  a  closing  plate 

30  electrically  connected  to  the  bimetal  in  the  usual  condition;  and  a  lead  plate  4  extended  from  one  of  electrode  plates 
of  a  group  of  electrodes  and  connected  to  the  closing  plate  on  the  side  facing  the  electrode  group.  In  this  case,  when 
the  cell  temperature  begins  to  increase  due  to,  for  instance,  short,  the  bimetal  is  put  in  operation  so  that  the  current 
path  is  cut  off  at  the  connection  between  the  bimetal  and  the  closing  plate  and  thus  any  abnormal  overheating  of  the 
cell  can  be  prevented.  Moreover,  when  the  cell  temperature  returns  to  a  normal  level,  the  bimetal  recovers  its  normal 

35  state  and  the  current  path  is  correspondingly  recovered.  Thus,  the  cell  can  again  be  used  in  the  normal  condition. 
This  cell  is  safe  when  the  cell  temperature  is  raised  due  to  short,  but  is  not  necessarily  safe  when  the  cell  is 

overcharged.  More  specifically,  the  cell  voltage  gradually  increases  during  repeating  the  operation  and  reverse  of  the 
bimetal  since  the  cell  is  reverse  type  one.  In  this  case,  the  cell  may  sometimes  be  exploded  as  has  been  discussed 
above. 

40  In  addition,  a  method  in  which  lithium  carbonate  is  incorporated  into  a  positive  electrode  in  an  amount  ranging 
from  0.5  to  15%  by  weight  has  been  developed  as  a  measure  for  sufficiently  increasing  the  internal  pressure  of  a  cell 
during  overcharge  to  thus  ensure  the  function  of  the  foregoing  current-cutoff  means  (J.  P.  KOKAI  No.  Hei  4-328278). 

Incidentally,  recent  cordless  apparatuses  have  been  required  to  have  a  rapid  charging  ability  as  a  means  for  im- 
proving  the  handling  properties  thereof.  The  rapid  charging  ability  of  these  cordless  apparatuses  in  turn  requires  the 

45  development  of  a  cell  to  be  installed  therein  which  can  be  charged  within  a  short  time  period  on  the  order  of  one  hour 
or  30  minutes.  For  this  reason,  the  cell  to  be  installed  in  these  apparatuses  must  be  charged  at  a  high  charging  current 
without  any  trouble.  In  particular,  the  charging  current  increases  in  proportion  to  the  capacity  of  cells  to  be  charged. 
Regarding  the  overcharge,  therefore,  a  countermeasure  should  be  prepared  for  large  current  overcharge.  To  increase 
the  amount  of  lithium  carbonate  to  be  incorporated  into  the  positive  electrode  is  apt  to  inhibit  damage  of  cells  during 

so  overcharge  with  a  high  charging  current,  but  it  has  been  found  that  malfunction  such  as  breakage  of  a  positive  electrode 
during  charging  or  production  of  a  cell  occurs  when  the  added  amount  thereof  is  not  less  than  6%  by  weight  and 
therefore,  it  is  difficult  to  ensure  safety  during  overcharge  at  a  high  charging  current,  simply  by  addition  of  lithium 
carbonate. 

55  SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  developed  in  the  light  of  the  foregoing  situation  of  the  conventional  cells  and 
accordingly,  it  is  an  object  of  the  present  invention  to  provide  an  enclosed  non-aqueous  secondary  cell  which  can 

3 
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completely  shut  off  the  electric  connection  within  the  cell  at  the  initial  stage  of  an  increase  in  the  cell  temperature  or 
the  internal  pressure  of  the  cell  even  when  abnormality  such  as  overcharge  or  short  is  caused. 

Another  object  of  the  present  invention  is  to  provide  an  improved  non-aqueous  secondary  cell  provided  with  a 
current-cutoff  means  which  can  operate  in  response  to  an  increase  of  the  internal  pressure  of  the  cell. 

5  Accordingly,  the  present  invention  provides  an  enclosed  non-aqueous  secondary  cell  in  which  a  group  of  electrodes 
comprising  positive  and  negative  electrodes  allowing  absorption  and  release  of  a  light  metal  and  separators  are  ac- 
commodated  in  a  closed-end  cell-armoring  can  together  with  a  non-aqueous  electrolyte  and  an  opening  of  the  armoring 
can  is  closed  by  an  insulating  gasket  positioned  around  the  inner  periphery  of  the  opening  of  the  can  and  a  closing  lid 
fitted  in  and  supported  by  the  gasket  and  simultaneously  serving  as  a  positive  or  negative  terminal,  wherein:  the  closing 

10  lid  comprises  an  explosion-proof  valve  capable  of  deforming  in  the  direction  opposite  to  the  group  of  electrodes  in 
response  to  an  increase  in  the  internal  pressure  of  the  cell,  a  terminal  cap  provided  with  vent  holes  and  arranged  at 
the  side  of  the  explosion-proof  valve  opposed  to  the  group  of  electrodes,  and  a  non-reverse  type  switch  which  is 
positioned  between  the  explosion-proof  valve  and  the  terminal  cap  and  is  welded  to  the  valve  body  and  serves  to  shut- 
off  the  electrical  connection  between  the  terminal  cap  and  the  positive  or  negative  electrode  when  the  temperature  of 

is  the  cell  is  raised  or  the  internal  pressure  of  the  cell  is  increased. 
The  current-cutoff  effect  of  the  present  invention  can  be  further  improved  through  the  use  of  the  positive  electrode 

active  material  in  combination  with  sodium  and/or  potassium  and/or  rubidium  and/or  magnesium  and/or  calcium  and/ 
or  barium  salts  of  carbonic  acid. 

20  BRIEF  EXPLANATION  OF  THE  DRAWINGS 

Fig.  1  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  1  )  of  the 
enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention. 

Fig.  2  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  the  embodiment  of  the  enclosed 
25  type  non-aqueous  secondary  cell  shown  in  Fig.  1  ,  in  the  current-cutoff  state. 

Fig.  3  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  2)  of  the 
enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention. 

Fig.  4  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  the  embodiment  of  the  enclosed 
type  non-aqueous  secondary  cell  shown  in  Fig.  3,  in  the  current-cutoff  state. 

30  Fig.  5  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  3)  of  the 
enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention. 

Fig.  6  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  the  embodiment  of  the  enclosed 
type  non-aqueous  secondary  cell  shown  in  Fig.  5,  in  the  current-cutoff  state. 

Fig.  7  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  4)  of  the 
35  enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention,  which  is  in  the  current-cutoff  state  (when 

the  cell  temperature  increases). 
Fig.  8  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  5)  of  the 

enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention,  which  is  in  the  current-cutoff  state  (when 
the  cell  temperature  increases). 

40  Fig.  9  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  (Cell  6)  of  the 
enclosed  type  non-aqueous  secondary  cell  according  to  the  present  invention,  which  is  in  the  current-cutoff  state  (when 
the  cell  temperature  increases). 

Fig.  1  0  is  a  plan  view  of  an  embodiment  of  the  conductive  body  shown  in  Fig.  1  . 
Fig.  1  1  is  a  plan  view  of  another  embodiment  of  the  conductive  body  shown  in  Fig.  1  . 

45  Fig.  12  is  a  plan  view  of  the  second  conductive  body  shown  in  Fig.  3. 
Fig.  1  3  is  a  schematic  plan  view  of  the  principal  part  of  the  cell  shown  in  Fig.  5. 
Fig.  1  4  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  an  embodiment  of  a  conventional 

enclosed  type  cell. 
Fig.  15  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  another  embodiment  of  a 

so  conventional  enclosed  type  cell. 
Fig.  16  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  still  another  embodiment  of  a 

conventional  enclosed  type  cell. 
Fig.  17  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  a  further  embodiment  of  a 

conventional  enclosed  type  cell. 
55  Fig.  18  is  a  vertical  cross  sectional  view  schematically  showing  the  principal  part  of  a  still  further  embodiment  of 

a  conventional  enclosed  type  cell. 
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DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  present  invention  will  hereunder  be  described  in  more  detail. 
The  non-reverse  type  switch  usable  in  the  present  invention  may  be  any  switch  which  is  physically  and  electrically 

5  connected  in  the  usual  condition,  while  it  cuts  off  the  electrical  connection  ion  through  the  physical  disconnection  thereof 
in  its  operating  condition  and  does  not  return  to  its  original  condition.  Specific  examples  thereof  are  those  having  contact 
type  electrical  connection  systems  in  which  the  connected  portion  is  separated  in  its  operating  condition;  those  having 
welded  type  electrical  connection  systems  in  which  the  welded  portion  is  broken  or  peeled  off  in  its  operating  condition; 
those  having  caulking  type  electrical  connection  systems  in  which  the  caulked  portion  is  broken  in  its  operating  con- 

10  dition;  or  those  comprising  plate-like,  rod-like  or  linear  electrically  connected  portions  in  which  the  electrically  connected 
portion  is  cut  by,  for  instance,  a  cutter.  In  particular,  preferably  used  are  pressure-contact  type  ones  which  make  use 
of  a  plate  spring  or  a  spiral  spring  and  welded  type  ones  in  which  a  part  of  a  plate  spring  is  connected  through  welding. 

The  term  "light  metal"  used  herein  means  elements  belonging  to  Group  1a  (except  for  hydrogen)  and  Group  2a 
of  Periodic  Table,  with  lithium,  sodium  and  potassium,  in  particular,  lithium  being  preferred. 

is  The  active  materials  for  positive  electrodes  usable  in  the  present  invention  may  be  any  materials  which  allow  free 
absorption  and  release  of  a  light  metal. 

Examples  of  transition  metal  oxides  free  of  lithium  used  in  the  present  invention  as  the  positive  electrode  active 
materials  are  V2Os,  V6013,  Mn02,  TiS2,  MoS2,  MoS3,  MoV2Os  and  NbSe3.  Moreover,  examples  of  preferred  lithium- 
containing  transition  metal  oxides  used  as  the  positive  electrode  active  materials  are  lithium-containing  oxides  com- 

20  prising  Ti,  V,  Cr,  Mn,  Fe,  Co,  Ni,  Cu,  Mo  and  W.  These  transition  metal  oxides  may  be  combined  with  alkali  metal  other 
than  lithium  (elements  belonging  to  Group  IA  and  1  1  A  of  Periodic  Table)  and/or  semi-metals  such  as  Al,  Ga,  In,  Ge,  Sn, 
Pb,  Sb  and  Bi  and  the  amount  thereof  to  be  mixed  with  the  oxides  preferably  ranges  from  0  to  10  mole%. 

Preferred  are  light  metal-containing  transition  metal  oxides  and  more  preferred  are  those  represented  by  the  for- 
mula:  LixMyOz  (wherein  M  represents  at  least  one  member  selected  from  the  group  consisting  of  Ti,  V,  Cr,  Mn,  Fe,  Co, 

25  Ni,  W  and  Mo;  x  ranges  from  0.6  to  2.1;  y  is  1  or  2;  and  z  ranges  from  1.5  to  5)  and  most  preferably  LixCo02, 
LixCoaNi-|.a02,  LixMn204  and  LixCobV-|.bOz  (wherein  x  ranges  from  0.7  to  1  .1  ;  a  ranges  from  0.1  to  0.9;  b  ranges  from 
0.9  to  0.98;  and  z  ranges  from  2.02  to  2.3). 

Preferred  lithium-containing  transition  metal  oxides  used  in  the  invention  as  the  positive  electrode  active  materials 
are  suitably  synthesized  by  mixing  the  foregoing  ingredients  so  that  the  molar  ratio:  lithium  compound/total  molar 

30  amount  of  the  transition  metal  compounds  (wherein  the  term  "transition  metal"  means  at  least  one  member  selected 
from  the  group  consisting  of  Ti,  V,  Cr,  Mn,  Fe,  Co,  Ni,  Mo  and  W)  ranges  from  0.3  to  2.2. 

Particularly  preferred  lithium-containing  transition  metal  oxides  used  in  the  invention  are  suitably  synthesized  by 
mixing  the  foregoing  ingredients  so  that  the  molar  ratio:  lithium  compound/total  molar  amount  of  the  transition  metal 
compounds  (wherein  the  term  "transition  metal"  means  at  least  one  member  selected  from  the  group  consisting  of  V 

35  Cr,  Mn,  Fe,  Co  and  Ni)  ranges  from  0.3  to  2.2. 
Preferred  lithium-containing  transition  metal  oxides  used  in  the  invention  are  those  represented  by  the  formula: 

LixMOz  (wherein  M  represents  at  least  one  transition  metal  selected  from  Co,  Mn,  Ni,  V  and  Fe,  x  =  0.3  ~  1  .2  and  z  = 
1.4  ~  3). 

Examples  of  the  lithium-containing  transition  metal  oxides  more  preferably  used  in  the  invention  as  the  positive 
40  electrode  active  materials  are  LixCo02,  LixNi02,  LixCoaNi-,.a02,  LizCobV-|.bOz,  LixCobFe-|.b02,  LixMn204, 

LixMncCo2.0O4,  LixMncNi2.0O4,  LixMncV2.cOz,  LixMncFe2.0O4,  mixture  of  LixMn204  and  Mn02,  mixture  of  Li2xMn03  and 
Mn02  and  mixture  of  LixMn204,  Li2xMn03  and  Mn02  (wherein  x  =  0.6  ~  1  .2;  a  =  0.1  ~  0.9;  b  =  0.8  ~  0.98;  c  =  1  .6  ~ 
1.96;  and  z  =  2.01  ~  5). 

Examples  of  more  preferred  lithium-containing  transition  metal  oxides  used  in  the  invention  as  the  positive  elec- 
ts  trode  active  materials  are  those  represented  by  the  following  formulas:  LixCo02,  LixNi02,  LixCoaNi-,.a02,  LixMn204and 

LizCobV-,.bOz  (wherein  x  =  0.7  ~  1.1;  a  =  0.1  ~  0.9;  b  =  0.9  ~  0.98;  and  z  =  2.01  ~  2.3). 
When  synthesizing  the  positive  electrode  active  material  used  in  the  present  invention,  lithium  ions  are  preferably 

incorporated  into  a  transition  metal  oxide  by  reacting  metal  lithium,  a  lithium  alloy  or  butyl  lithium  with  the  transition 
metal  oxide. 

so  The  positive  electrode  active  material  can  be  synthesized  by  a  method  comprising  mixing  a  lithium  compound  with 
a  transition  metal  oxide  and  then  calcining  the  mixture  or  by  a  solution  reaction,  with  the  calcining  method  being  par- 
ticularly  preferred. 

The  calcining  temperature  used  in  the  invention  may  be  a  temperature  at  which  the  mixed  compounds  used  in  the 
invention  are  partially  decomposed  or  melted  and  specifically  and  preferably  ranges  from  250  to  2000°C,  in  particular, 

55  350to  1500°C. 
The  gas  atmosphere  used  in  the  invention  during  the  calcining  is  not  restricted  to  particular  ones,  but  preferred 

are  an  air  atmosphere  or  a  gas  atmosphere  having  a  high  oxygen  content  (for  instance,  not  less  than  about  30%)  for 
the  positive  electrode  active  material  and  an  air  atmosphere,  a  gas  atmosphere  having  a  low  oxygen  content  (for 

5 
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instance,  not  more  than  about  10%)  or  an  inert  gas  atmosphere  (such  as  nitrogen  gas  or  argon  gas  atmosphere)  for 
the  negative  electrode  active  material  as  will  be  detailed  below. 

The  average  particle  size  of  the  positive  electrode  active  material  used  in  the  invention  is  not  restricted  to  a  particular 
range,  but  preferably  ranges  from  0.1  to  50  urn 

5  The  particle  size  of  the  positive  electrode  active  material  can  be  adjusted  to  a  predetermined  level  through  the  use 
of  a  pulverizer  such  as  a  mortar,  a  ball  mill,  an  oscillating  mill,  a  planetary  ball  mill,  a  satellite  ball  mill  or  a  rotary  air  jet 
type  jet  mill,  or  through  the  use  of  a  classifying  machine  such  as  a  cyclone  or  a  sieve. 

In  the  present  invention,  the  positive  electrode  active  material  can  be  used  in  combination  with  a  specific  carbonate 
and  the  current-cutoff  effect  of  the  invention  can  be  further  improved. 

10  The  inventors  have  investigated  carbonates  other  than  lithium  carbonate  and  found  out  that  rubidium  can  ensure 
safety  during  the  overcharge  at  a  high  charging  current  even  in  an  amount  of  not  more  than  5%  by  weight  and  that 
magnesium,  calcium  and  barium  carbonates  can  ensure  safety  during  the  overcharge  at  a  high  charging  current  in  an 
amount  of  up  to  about  25%  by  weight. 

The  carbonate  used  in  the  present  invention  is  preferably  sodium  carbonate,  sodium  hydrogen  carbonate,  potas- 
15  sium  carbonate,  potassium  hydrogen  carbonate,  rubidium  carbonate,  rubidium  hydrogen  carbonate,  magnesium  car- 

bonate,  calcium  carbonate  and  barium  carbonate,  with  sodium  carbonate,  sodium  hydrogen  carbonate,  potassium 
carbonate  and  potassium  hydrogen  carbonate  being  more  preferred.  The  amount  of  the  carbonate  used  in  the  present 
invention  together  with  the  positive  electrode  active  material  is  preferably  not  less  than  0.1%  by  weight  and  not  more 
than  5%  by  weight,  more  preferably  not  less  than  0.3%  by  weight  and  not  more  than  4%  by  weight  and  most  preferably 

20  not  less  than  0.5%  by  weight  and  not  more  than  3%  by  weight  for  sodium  carbonate,  sodium  hydrogen  carbonate, 
potassium  carbonate,  potassium  hydrogen  carbonate,  rubidium  carbonate  and  rubidium  hydrogen  carbonate,  on  the 
basis  of  the  weight  of  the  active  material.  Moreover,  the  amount  of  the  carbonate  used  in  the  present  invention  is 
preferably  not  less  than  0.5%  by  weight  and  not  more  than  25%  by  weight,  more  preferably  not  less  than  1.0%  by 
weight  and  not  more  than  20%  by  weight  and  most  preferably  not  less  than  1  .5%  by  weight  and  not  more  than  15% 

25  by  weight  for  magnesium  carbonate,  calcium  carbonate  and  barium  carbonate,  on  the  basis  of  the  weight  of  the  active 
material. 

The  passage  "the  positive  electrode  active  material  is  used  in  combination  with  sodium  and/or  potassium  and/or 
rubidium  and/or  magnesium  and/or  calcium  and/or  barium  salts  of  carbonic  acid"  used  herein  means  that  the  carbonate 
is  present  in  the  proximity  of  the  positive  electrode  material  when  the  cell  of  the  present  invention  is  put  in  use.  The 

30  carbonate  may  be  incorporated  into  the  positive  electrode  by  adding  the  carbonate  to  a  slurry  for  preparing  the  positive 
electrode  during  production  of  the  cell  or  by  adding  the  carbonate  to  ingredients  other  than  that  for  the  positive  electrode 
(for  instance,  the  electrolyte)  during  the  production  of  the  cell  and  then  transferring  it  to  the  positive  electrode  through 
a  process  such  as  charging  and/or  aging,  with  the  method  comprising  the  step  of  adding,  in  advance,  the  carbonate 
to  the  slurry  for  preparing  the  positive  electrode  being  preferred. 

35  The  carbonate  used  in  the  present  invention  can  preferably  be  added  to  the  slurry  for  positive  electrodes  by  mixing 
a  positive  electrode  active  material,  the  carbonate  and  a  conductivity-imparting  agent,  then  adding  a  binder  to  the 
resulting  mixture  and  kneading  the  mixture. 

The  active  materials  for  negative  electrodes  usable  in  the  present  invention  may  be  any  materials  which  allow  free 
absorption  and  release  of  a  light  metal,  are  preferably  graphite  (natural,  artificially  synthesized  and  vapor  phase-grown 

40  graphite),  coke  (derived  from  coal  or  petroleum),  calcined  products  of  organic  polymers  (resins  or  fibers  of  polyacry- 
lonitrile,  furan  resins,  cresol  resins,  phenolic  resins),  calcined  products  of  mesophase  pitch,  metal  oxides  and  light 
metal-containing  transition  metal  oxides  and  more  preferably  GeO,  Ge02,  SnO,  Sn02,  SiSn03,  PbO,  Pb02,  Pb203, 
Pb304,  Sb203,  Sb204,  Sb2Os,  Bi203,  Bi204,  Bi2Os,  SnS.  SnS2,  GeS,  Ge.S2,  InS,  PbS,  InO.  InS,  ZnO,  ZnS,  MgS, 
Li2Sn03,  Li2Ge03,  LiPb03,  Li3Bi04,  Li3Sb04,  Li2Zn02,  Li3ln03,  Li2ZnSn2Oe,  Li01SnO205,  Li05SnO225,  Li4Sn04, 

45  Li6Sn05,  Li8SnOe,  Li2Sn02,  Li01SnO-|  05,  Li0  5SnO-|  25,  LiSn02  5,  Li4Sn04,  Li8Sn05,  non-stoichiometrical  compounds 
of  these  oxides  or  compounds  represented  by  the  following  general  formula  (1),  but  the  present  invention  is  not  re- 
stricted  to  these  specific  ones: 

12  4 
50  M  M  pM  General  Formula  (1) 

Wherein  M1  and  M2  are  different  from  one  another  and  each  represents  at  least  one  member  selected  from  the  group 
consisting  of  Si,  Ge,  Sn,  Pb,  P,  B,  Al  and  As,  preferably  at  least  one  member  selected  from  the  group  consisting  of  Si, 
Ge,  Sn,  Pb,  P,  B  and  Al  and,  in  particular,  at  least  one  member  selected  from  the  group  consisting  of  Si,  Ge,  Pb,  P  and 

55  B;  M4  represents  at  least  one  member  selected  from  the  group  consisting  of  O,  S,  Se  and  Te,  preferably  selected  from 
0  and  S  and  in  particular  0;  p  =  0.001  to  10,  preferably  0.01  to  5  and  in  particular  0.01  to  2;  q  =  1  .00  to  50,  preferably 
1  .00  to  26  and  in  particular  1  .02  to  6. 

6 
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Examples  of  preferred  compounds  represented  by  Formula  (1)  are  SnSi0  01O-|  02,  SnGe0  01O-|  02,  SnPb0  01O-|  02, 
SnSi0010202,  SnGe001O202,  SnPb001O202,  SnSioogO!  v  SnGeoogO!  -,,  SnPboogO!  v  SnSi005O21,  SnGe005O21, 
SnPb005O21,  SnSi01O22,  SnGe01O22,  SnPb01O22,  SnSi01O12,  SnGe01O12,  SnPb01O12,  SnSi02O24, 
SnGe02O24,  SnPb02O24,  SnSi02O14,  SnGe02O14,  SnPb02O14,  SnSi03O26,  SnGe03O26,  SnPb03O26, 

5  SnSio  aO!  6,  SnGeQ  ^   6,  SnPbo  ^   6,  SnSi0  -,Ge0  -,Pb0  -,02  6,  SnSi0  2Ge0  A02  6,  SnSi02Pb01O26,  SnGe02Si01O26, 
SnPb02Si0  -|026,  SnGe02Pb01O26,  SnPb02Ge01O26,  SnSi07O2  4,  SnGe07O24,  SnPb07O24,  SnSi08O26, 
SnGe08O26,  SnPb08O26,  SnSi03,  SnGe03,  SnPb03,  SnSi09Ge0  -,03,  SnSi0  8Ge0  203,  SnSi05Ge05O3, 
SnSi09Pb01O3,  SnSi08Pb02O3,  SnSi0  5Pb0  503,  SnGe0  9Si0  -,03,  SnGe0  8Si0  203,  SnPb09Si01O3,  SnPb08Si02O3, 
SnSi08Ge01Pb01O3,  SnSi-,  203  4,  SnGe-,  2034,  SnPb-,  2034,  SnSi-,  504,  SnGe-,  504,  SnPb-,  504,  SnSi2Os,  SnGe2Os, 

10  SnPb2Os,  SnSi206,  SnGe206,  SnPb2Oe,  SnPoo^  025,  S n E c ^   015,  SnAI0  mO,  015,  SnP0  01O2  025  SnB001O2015, 
SnAI0  01O2  015,  SnP005O1  125,  SnB005O1  075,  SnP005O2125,  SnB005O2075,  SnP01O1  25,  SnB01O1  15,  SnP02O15, 
SnB02O13,  SnP02O25,  SnB02O23,  SnP03O175,  SnB03O145,  SnP07O275,  SnB07O205,  SnP08O3,  SnB08O22, 
SnP03.5>  SnB025,  SnSi025P02B02O3,  SnSi0  5P0  2B0  203,  SnSi0  9P0  A  02  25,  SnSi08P02O31,  SnSi06P04O275, 
SnSi0  3P0  703  35,  SnSi0  j  P0  9  0  3  45,  SnSi0  5P0  j  02  25,  SnSi0  gAI0  j02  g5,  SnSi0  5AI0  05O2  75,  SnSi0  5AI0  j02  15, 

is  SnSi0  5AI0  5  0  2  75,  SnSi07AI03O285,  SnSiAI02O33,  SnSi0  ̂ AIq  ̂ Pq  903  8,  SnSi03AI0  .^0.703.5.  SnSio.6Alo.3po.i°2.9. 
SnSi0  6AI0  2P0  203,  SnSi06AI01P03O31,  SnSi08AI01P01O3,  SnSi08AI0  .^0.303.5,  SnSiAI0  -,P0  ^34 ,  
SnSIAI02P02O38,  SnSiAI01P02O365,  SnSi05Pb005O275,  SnSi0  5Pb0  A02  15,  SnSi05Pb05O275,  SnSi07Pb03O245, 
SnSi09Pb01O295,  SnSiPb02O33,  SnSi01Ge0  .-,P0.9O33,  SnSi03Ge01P07O355,  SnSi06  Ge03P01O305, 
SnSi06Ge02P02O305,  SnSi06Ge01P03O315,  SnSi08Ge01P01O305,  SnSi08Ge0  jP0.3O3.55,  SnSiGe0  ^0^0345, 

20  SnSIGe02P02O39,  SnSiGe0.1P0.2O3.7,  SnSi01B01P09O36,  SnSi03B01P07035,  SnSi06B03P01O29, 
SnSi06B02P02O3,  SnSi06B01P03O31,  SnSi0  8B0  AP0  103,  SnSi08B01P02O35,  SnSiB01P01O34,  SnSiB02P02O38, 
SnSiB01P02O365  SnSi01Pb01P09O36,  SnSi03Pb01P07O35,  SnSi06Pb03P01O29,  SnSi06Pb02P02O3, 
SnSi06Pb01P03O31,  SnSi08Pb01P01O3,  SnSi08Pb01P03O35,  SnSiPb0  AP0  A034,  SnSiPb02P02O38, 
SnSiPb0  ■|Po2<-)3  65'  SnSi0  8Ge0  -|02  95,  SnSi08Ge0  B̂q  -|02  95  and  SnSi0  8Ge0  ^bg  -,02  95,  but  the  present  inven- 

ts  tion  is  not  restricted  to  these  specific  compounds. 
Examples  of  more  preferred  negative  electrode  active  materials  used  in  the  invention  are  SnO,  Sn02,  GeO,  Ge02, 

SnS,  Li2Sn03,  SiSn03,  SiGe03,  SiPb03,  SnSi09Ge0  A03,  SnSi08Ge02O3,  SnSi05Ge05O3,  SnSi09Pb01O3, 
SnSi09Pb02O3,  SnSi05Pb05O3,  SnGe0  9Si0  -,03,  SnGe08Si02O3,  SnPb0  9Si0  A03,  SnPb08Si02O3, 
SnSi0  8Pb0  -|Ge0  -|03,  SnSi0  8P0  203  A,  SnSi08P02AI02O34,  SnSi0  6P04O3  2,  SnSi06P04AI02O35, 

30  SnSi0  .8P0.4Sb0  -,03  25,  SnSi0  6P0  2Ge0  ̂ AIq  aQ3  05,  SnP207,  SnP2AI0  207  3  and  SnSi0  2P0  8AI0  203  7. 
The  negative  electrode  active  material  used  in  the  invention  may  comprise  various  kinds  of  compounds.  Examples 

of  such  compounds  include  transition  metals  (such  as  Sc,  Ti,  V,  Cr,  Mn,  Fe,  Co,  Ni,  Cu,  Zn,  Y,  Zr,  Nb,  Mo,  Tc,  Ru,  Rh, 
Pd,  Ag,  Cd,  lanthanoid  elements,  Hf,  Ta,  W,  Re,  Os,  Ir,  Pt,  Au  and  Hg)  and  elements  belonging  to  Group  lla  (such  as 
Be,  Mg,  Ca,  Sr  and  Ba),  Group  1Mb  (such  as  B,  Al,  Ga,  In  and  TI),  Group  Vb  (such  as  N,  P,  As,  Sb  and  Bi),  Group  Vlb 

35  (such  as  S,  Se,  Te  and  Po)  and/or  Group  VI  I  b  (such  as  F,  CI,  Br  and  I)  of  Periodic  Table.  Moreover,  the  active  material 
may  likewise  include  dopants  of  various  compounds  capable  of  increasing  the  electron  conductivity  thereof  (such  as 
compounds  of  Sb,  In  and  Nb).  The  amount  of  these  compounds  to  be  added  preferably  ranges  from  0  to  20  mole%. 

The  negative  electrode  active  material  can  be  prepared  by,  in  case  of  Sn02,  mixing  an  aqueous  solution  of  an  Sn 
compound  such  as  stannic  chloride,  stannic  bromide,  stannic  sulfate  or  stannic  nitrate  with  an  aqueous  solution  of  an 

40  alkali  hydroxide  such  as  lithium  hydroxide,  sodium  hydroxide,  potassium  hydroxide,  calcium  hydroxide,  magnesium 
hydroxide  or  ammonium  hydroxide  to  thus  precipitate  stannic  hydroxide,  then  washing  the  precipitates  and  separating 
them.  After  roughly  drying  the  stannic  hydroxide,  it  is  calcined  at  a  temperature  ranging  from  250  to  2000°C  in  the  air, 
a  gas  having  a  high  oxygen  content  or  a  gas  having  a  low  oxygen  content.  Alternatively,  the  precipitated  stannic  hy- 
droxide  per  se  may  be  calcined  and  then  washed.  Moreover,  in  case  of  SnO,  the  active  material  can  likewise  be 

45  produced  by  mixing  an  aqueous  solution  of  stannous  chloride,  stannous  bromide,  stannous  sulfate  or  stannous  nitrate 
with  an  aqueous  solution  of  an  alkali  hydroxide  such  as  lithium  hydroxide,  sodium  hydroxide,  potassium  hydroxide, 
calcium  hydroxide,  magnesium  hydroxide  or  ammonium  hydroxide,  followed  by  boiling  the  resulting  mixture.  Alterna- 
tively,  it  can  be  prepared  by  calcining  stannous  oxalate  at  a  temperature  ranging  from  250  to  1000°C  in  a  gas  atmos- 
phere  having  a  low  oxygen  content. 

so  The  compound  oxides  represented  by  the  general  formula  (1  )  may  be  synthesized  by  either  a  calcination  method 
or  a  solution  method.  The  calcination  method  will  be  detailed  below  by  way  of  example.  An  M1  compound  and  an  M2 
compound  (M1  and  M2  differ  from  one  another  and  each  represents  at  least  one  member  selected  from  the  group 
consisting  of  Si,  Ge,  Sn,  Pb,  P,  B,  Al  and  As)  are  mixed  together  and  then  calcined. 

Examples  of  Sn  compounds  include  SnO,  Sn02,  Sn203,  Sn304,  Sn7013  •  H20,  Sn8015,  stannous  hydroxide, 
55  stannic  oxyhydroxide,  stannic  acid,  stannous  oxalate,  stannous  phosphate,  orthostannic  acid,  metastannic  acid,  par- 

astannicacid,  stannic  fluoride,  stannous  chloride,  stannic  chloride,  stannous  bromide,  stannic  bromide,  stannous  iodide 
and  stannic  iodide. 

Examples  of  Si  compounds  include  Si02,  SiO,  halogenated  organosilicon  compounds  such  as  silicon  tetrachloride, 
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silicon  tetrabromide,  trichloromethylsilane,  dimethyldichlorosilane  and  trimethylchlorosilane,  organosilicon  compounds 
such  as  tetramethylsilane  and  tetraethylsilane,  alkoxysilane  compounds  such  as  tetramethoxysilane  and  tetraethox- 
ysilane,  and  hydrosilane  compounds  such  as  trichlorohydrosilane. 

Examples  of  Ge  compounds  are  Ge02,  GeO,  germanium  tetrachloride,  germanium  tetrabromide,  and  alkoxyger- 
5  manium  compounds  such  as  germanium  tetramethoxide,  germanium  tetraethoxide. 

Examples  of  Pb  compounds  are  Pb02,  PbO,  Pb203,  Pb304,  PbCI2,  lead  chlorate,  lead  perchlorate,  lead  nitrate, 
lead  carbonate,  lead  acetate,  lead  tetraacetate  and  lead  tartrate. 

As  conditions  for  the  calcination,  the  rate  of  heating  is  preferably  not  less  than  4°C/min  and  not  more  than  2000 
°C/min,  more  preferably  not  less  than  10°C/min  and  not  more  than  2000  °C/min. 

10  The  calcination  temperature  is  preferably  not  less  than  250  °C  and  not  more  than  1500  °C,  more  preferably  not 
less  than  350  °C  and  not  more  than  1500  °C.  The  calcination  time  is  preferably  not  less  than  0.01  hour  and  not  more 
than  100  hours,  more  preferably  not  less  than  0.5  hour  and  not  more  than  70  hours.  The  rate  of  cooling  is  preferably 
not  less  than  2°C/min  and  not  more  than  107°C/min,  more  preferably  not  less  than  6  °C/min  and  not  more  than  107°C/ 
min. 

is  The  cooling  may  be  carried  out  in  a  calcination  furnace  or  by  withdrawing  from  the  calcination  furnace  and  then 
introducing  into,  for  instance,  water.  Moreover,  it  is  also  possible  to  use  very  rapid  cooling  methods  such  as  gun  method, 
Hanner-Anvil  method,  slap  method  as  disclosed  in  Ceramics  Processing,  1987,  p.  217,  Gihodo  Publishing  Company, 
gas  atomizing  method,  plasma  spray  method,  centrifugal  rapid  cooling  method,  melt  drag  method.  The  cooling  may 
likewise  be  performed  using  a  single  roller  method  and  a  double  roller  method  as  disclosed  in  New  Glass  Handbook, 

20  1991  ,  p.  172  (Maruzen  Publishing  Company).  If  the  materials  are  melted  during  calcination,  the  melt  is  preferably  stirred. 
The  gas  atmosphere  for  the  calcination  is  not  restricted  to  specific  ones  and  may  be  an  oxidizing  atmosphere  and 

a  reducing  atmosphere.  For  instance,  the  negative  electrode  active  material  is  synthesized  in  the  air  or  in  a  gas  at- 
mosphere  having  an  arbitrary  oxygen  concentration  or  an  inert  gas  atmosphere.  The  gas  atmosphere  for  the  calcination 
is  preferably  those  having  an  oxygen  content  of  not  more  than  5%  by  volume  and  more  preferably  an  inert  gas  atmos- 

25  phere.  Examples  of  such  inert  gases  are  nitrogen,  argon,  helium,  krypton  and  xenon. 
The  negative  electrode  active  material  used  in  the  invention  may  be  a  crystalline  or  amorphous  material  or  may 

be  a  mixture  thereof,  with  amorphous  compounds  being  preferred  from  the  viewpoint  of  ability  of  improving  the  cycle 
life  of  the  resulting  cell. 

The  negative  electrode  active  material  used  in  the  invention  has  an  average  particle  size  (D)  ranging  from  0.7  to 
30  25  urn  and  not  less  than  60%  by  volume  thereof  preferably  has  a  particle  size  ranging  from  0.5  to  30  urn.  More  preferably, 

the  average  particle  size  (D)  ranges  from  0.8  to  20  urn  and  not  less  than  75%  by  volume  thereof  has  a  particle  size 
ranging  from  0.5  to  30  urn.  In  particular,  the  average  particle  size  (D)  ranges  from  1  .0  to  16  urn  and  not  less  than  90% 
by  volume  thereof  has  a  particle  size  ranging  from  0.5  to  30  urn 

The  term  "average  particle  size"  herein  used  means  the  median  diameter  of  primary  particles  and  determined  by 
35  a  laser  diffraction  type  size  distribution-determining  device. 

In  the  negative  electrode  active  material  used  in  the  invention,  the  rate  of  particles  having  a  particle  size  of  not 
more  than  1  urn  is  preferably  not  more  than  30%  based  on  the  total  volume  of  the  material  and  that  of  particles  having 
a  particle  size  of  not  less  than  20  urn  is  preferably  not  more  than  25%  based  on  the  total  volume  of  the  material.  More 
preferably,  the  rate  of  particles  having  a  particle  size  of  not  more  than  1  urn  is  not  more  than  20%  and  that  of  particles 

40  having  a  particle  size  of  not  less  than  20  urn  is  not  more  than  14%,  based  on  the  total  volume  of  the  material.  In 
particular,  the  rate  of  particles  having  a  particle  size  of  not  more  than  1  urn  is  not  more  than  10%  and  that  of  particles 
having  a  particle  size  of  not  less  than  20  urn  is  not  more  than  10%,  based  on  the  total  volume  of  the  material. 

The  specific  surface  area  of  the  negative  electrode  active  material  used  in  the  invention  preferably  ranges  from 
0.1  to  10  m2/g,  more  preferably  0.1  to8m2/gand,  in  particular,  0.2to7m2/g.  The  specific  surface  area  can  be  determined 

45  by  the  usual  BET  method. 
The  calcined  product  or  that  roughly  ground  is  preferably  pulverized  and/or  subjected  to  classification  to  obtain 

the  active  material  having  a  desired  particle  size.  The  pulverization  may  be  performed  by  dry  pulverization  methods 
or  wet  pulverization  methods  which  make  use  of  a  solvent  as  the  medium.  Preferably,  the  solvents  used  in  the  wet 
pulverization  methods  are,  for  instance,  water,  toluene,  xylene,  methanol,  ethanol,  n-propanol,  isopropyl  alcohol,  iso- 

50  butyl  alcohol,  ace  acetone,  methyl  ethyl  ketone,  butyl  acetate  and  N,N-dimethylformamide  from  the  viewpoint  of  easy 
handling  and  high  safety.  The  amount  of  the  solvent  is  1/10  to  20  times,  preferably  1/5  to  10  times  the  amount  of  a 
powdery  material  to  be  pulverized.  The  pulverization  method  is  preferably  a  dry  pulverization  method  and/or  a  wet 
pulverization  method  which  makes  use  of  water  as  the  pulverization  medium.  Examples  of  pulverizers  usable  herein 
are  mortar,  ball  mill,  circularly  oscillating  ball  mill,  rotationally  oscillating  ball  mill,  planetary  ball  mill,  satellite  ball  mill, 

55  rotary  air  jet  type  jet  mill,  pot  mill,  centrifugal  mill,  tower  mill,  sand  mill,  attritor,  centrimill,  dynomill,  roller  mill,  pin  mill, 
tube  mill,  rod  mill  and  jaw  crusher,  with  rotary  air  jet  type  jet  mill,  ball  mill  and  oscillation  ball  mill  being  preferred 
pulverization  methods.  Moreover,  the  powdery  material  is  preferably  classified  to  obtain  a  powdery  product  having  a 
desired  particle  size  and  wind-power  classifying  devices  (such  as  cyclone)  and  sieves  are  preferably  used  for  this 
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purpose.  When  classifying  the  material  by  passing  through  a  sieve  preferred  are  dry  classification  methods  or  wet 
classification  methods  which  make  use  of  a  solvent  such  as  water.  In  addition,  the  temperature  for  the  pulverization 
and  classification  varies  depending  on  the  kinds  of  materials  to  be  treated  and  solvents  used,  but  preferably  ranges 
from  5  to  150°C  and  more  preferably  10  to  90  °C. 

5  Prior  to  forming  the  negative  electrode  active  material  used  in  the  invention  into  a  depolarizing  mix  for  electrodes, 
the  active  material  is  preferably  subjected  to  a  heat-treatment  at  a  temperature  ranging  from  100  to  400°C  in  order  to 
improve  the  cell  capacity.  The  heat-treatment  may  be  carried  out  in  an  atmosphere  such  as  air,  an  inert  gas  atmosphere 
(such  as  argon  gas,  nitrogen  gas  or  helium  gas  atmosphere),  in  an  active  gas  atmosphere  such  as  oxygen  gas  or 
hydrogen  gas  atmosphere,  or  a  pressed  atmosphere  or  a  reduced-pressure  atmosphere,  with  air,  inert  gas  atmosphere 

10  and  reduced-pressure  atmosphere  being  preferred.  The  term  "prior  to  forming  into  a  depolarizing  mix"  herein  used 
means  "before  mixing  the  active  material  with,  for  instance,  a  binder  and/or  a  conductivity-imparting  agent",  i.e.,  the 
heat-treatment  of  the  active  material  alone.  Moreover,  the  negative  electrode  active  material  is  preferably  heat-treated 
not  more  than  90  days  or  immediately  before  forming  it  into  a  depolarizing  mix,  more  preferably  not  more  than  30  days 
or  immediately  before  forming  it  into  a  depolarizing  mix.  The  temperature  for  the  heat-treatment  more  preferably  ranges 

is  from  120  to  350  °C  and  in  particular  150  to  300  °C.  The  heat-treatment  time  preferably  ranges  from  0.5  to  120  hours, 
more  preferably  1  to  80  hours  and  most  preferably  1  to  48  hours. 

In  the  present  invention,  lithium  may  be,  in  advance,  added  to  the  negative  electrode  active  material  prior  to  ac- 
commodation  of  the  material  into  a  cell  container  and  the  addition  of  lithium  may  be  carried  out  by  a  chemical  or 
electrochemical  method.  The  method  for  chemically  adding  lithium  to  the  active  material  comprises  directly  reacting 

20  the  active  material  with  elemental  lithium,  a  lithium  alloy  (such  as  a  lithium-aluminum  alloy)  or  a  lithium  compound 
(such  as  n-butyl  lithium,  lithium  hydride  or  lithium  aluminum  hydride).  In  this  case,  the  active  material  may  directly  be 
reacted  with  a  lithium-adding  agent  or  they  are  reacted  in  the  presence  of  an  anhydrous  solvent  (such  as  dimethox- 
yethane,  tetrahydrofuran,  ethylene  carbonate  or  diethyl  carbonate)  or  an  electrolyte  (for  instance,  those  obtained  by 
dissolving  supporting  salts  such  as  LiPF6  in  the  foregoing  anhydrous  solvents).  In  this  case,  a  preferred  embodiment 

25  comprises,  for  instance,  mixing  the  powdery  negative  electrode  active  material  with  powdery  lithium  metal  directly  or 
in  the  presence  of  an  electrolyte  to  thus  add  lithium  to  the  active  material,  or  forming  the  active  material  into  a  sheet- 
like  product  and  then  attaching  the  sheet  to  lithium  metal  under  pressure  in  the  presence  of  an  electrolyte.  In  addition, 
it  is  also  preferred  to  add  lithium  to  the  active  material  by  immersing  the  powdery  active  material  or  a  sheet  thereof  in 
an  n-butyl  lithium  solution.  More  effective  addition  of  lithium  to  the  active  material  can  be  ensured  if  the  lithium-addition 

30  reaction  in  the  chemical  method  is  carried  out  at  a  temperature  preferably  on  the  order  of  25  to  80  °C,  more  preferably 
30  to  75°C  and  most  preferably  30  to  70  °C. 

Most  preferred  method  for  electrochemically  adding  lithium  ions  to  the  negative  electrode  active  material  comprises 
discharging,  in  an  open  system,  a  redox  system  which  comprises  an  intended  oxide  as  a  positive  electrode  active 
material  (i.e.,  a  material  herein  referred  to  as  the  negative  electrode  active  material),  lithium  metal  or  a  lithium  alloy 

35  (such  as  a  lithium-aluminum  alloy)  as  a  negative  electrode  active  material  and  a  lithium  salt-containing  non-aqueous 
electrolyte.  In  this  case,  it  is  preferred  to  pass,  through  the  reaction  system,  a  current  ranging  from  0.02  to  0.2  A,  more 
preferably  0.03  to  0.15  A  and  most  preferably  0.04  to  0.12  A  per  1  g  of  the  oxide  as  a  precursor.  According  to  another 
embodiment,  the  method  for  electrochemically  adding  lithium  ions  to  the  negative  electrode  active  material  may  com- 
prise  charging  a  redox  system  comprising  a  lithium-containing  transition  metal  oxide  as  a  positive  electrode  active 

40  material,  a  negative  electrode  active  material  and  a  lithium  salt  -containing  non-aqueous  electrolyte. 
The  amount  of  lithium  to  be  added  varies  depending  on  the  kinds  of  the  negative  electrode  active  materials  used, 

but  preferably  0.5  to  4.5  equivalent,  more  preferably  1  to  4  equivalent  and  most  preferably  1  .5  to  3.5  equivalent  on  the 
basis  of  the  amount  of  the  active  material.  In  this  respect,  the  term  "prior  to  accommodation  into  a  cell  container"  means 
"the  period  extending  from  about  30  days  before  the  accommodation  to  an  instance  immediately  before  the  accom- 

45  modation,  preferably  10  days  before  the  accommodation  to  an  instance  immediately  before  the  accommodation  and 
most  preferably  5  days  before  the  accommodation  to  an  instance  immediately  before  the  accommodation".  In  this  case, 
the  term  "accommodation"  means  that  the  cell-constituting  elements  are  accommodated  in  a  cell  container  followed 
by  calking  to  complete  the  cell. 

The  negative  electrode  active  material  usable  in  the  invention  may  likewise  be  calcined  carbonaceous  compounds 
so  capable  of  absorbing  and  releasing  lithium  ions. 

The  depolarizing  mix  for  positive  and  negative  electrodes  may  comprise  a  conductivity-imparting  agent,  a  binder 
and/or  a  filler. 

The  conductivity-imparting  agent  may  be  any  electron-conductive  material  which  does  not  undergo  any  chemical 
change  within  the  assembled  cell  and  may  usually  be  at  least  one  conductive  material  selected  from  the  group  con- 

55  sisting  of  natural  graphite  (such  as  scaly  graphite,  flaky  graphite  and  soil-like  graphite),  artificial  graphite,  carbon  black, 
acetylene  black,  ketchen  black,  carbon  fibers,  metal  (such  as  copper,  nickel,  aluminum  and  silver)  powder,  metal  fiber 
and  polyphenylene  derivatives,  with  the  simultaneous  use  of  graphite  and  acetylene  black  being  particularly  preferred. 

The  amount  thereof  to  be  added  is  not  restricted  to  a  specific  range,  but  preferably  ranges  from  1  to  50%  by  weight, 
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in  particular  2  to  30%  by  weight.  If  carbon  and  graphite  are  used,  the  amount  thereof  particularly  preferably  ranges 
from  2  to  15%  by  weight. 

The  binder  for  positive  and  negative  electrodes  used  herein  is  usually  at  least  one  member  selected  from  the  group 
consisting  of  polysaccharides,  thermoplastic  resins  and  polymers  having  rubber  elasticity  such  as  starch,  polyacrylic 

5  acid,  polyvinyl  alcohol,  carboxymethyl  cellulose,  hydroxypropyl  cellulose,  regenerated  cellulose,  diacetyl  cellulose, 
polyvinyl  chloride,  polyvinyl  pyrrolidone,  polytetrafluoroethylene,  polyvinylidene  fluoride,  polyethylene,  polypropylene, 
ethylene-propylene-diene  terpolymer  (EPDM),  sulfonated  EPDM,  styrene-butadiene  rubber,  polybutadiene,  fluororub- 
ber  and  polyethylene  oxide  with  polyacrylic  acid,  carboxymethyl  cellulose,  polytetrafluoro-ethylene  and  polyvinylidene 
fluoride  being  particularly  preferred.  In  this  respect,  if  a  compound  having  functional  groups  reactive  with  lithium  such 

10  as  polysaccharides  is  used,  it  is  preferred  to  deactivate  the  functional  groups  through  addition  of  a  compound  carrying, 
for  instance,  an  isocyanate  group.  The  amount  of  the  binder  to  be  added  is  not  particularly  restricted,  but  preferably 
ranges  from  1  to  50%  by  weight  and  in  particular  2  to  30%  by  weight. 

The  filler  may  be  any  fibrous  material  which  does  not  undergo  any  chemical  change  within  the  assembled  cell. 
Examples  thereof  usually  used  are  olefinic  polymers  such  as  polypropylene  and  polyethylene,  and  fibers  such  as  glass 

is  and  carbon  fibers.  The  amount  of  the  filler  to  be  added  is  not  restricted  to  a  particular  range,  but  preferably  ranges 
from  0  to  30%  by  weight. 

Materials  for  supports  of  the  positive  and  negative  electrodes  usable  in  the  present  invention  may  be  any  electron- 
conductive  material  which  does  not  undergo  any  chemical  change  within  the  assembled  cell.  Examples  of  materials 
for  the  supports  are  aluminum,  stainless  steel,  nickel,  titanium  or  alloys  thereof,  calcined  carbon,  and  aluminum  and 

20  stainless  steel  whose  surface  is  treated  with  carbon,  nickel,  titanium  or  silver  for  the  positive  electrode  and  copper, 
stainless  steel,  nickel,  titanium  or  alloys  thereof,  calcined  carbon,  copper  and  stainless  steel  whose  surface  is  treated 
with  carbon,  nickel,  titanium  or  silver,  and  Al-Cd  alloys  for  the  negative  electrode.  The  surface  of  these  materials  may 
be  oxidized.  The  support  may  have  a  shape  such  as  a  foil,  film,  sheet,  net,  expanded  metal,  punching  metal,  lath  body, 
porous  body,  foamed  body,  molded  products  of  fibers  or  wire  mesh.  In  particular,  preferred  are  an  aluminum  foil  for  the 

25  positive  electrode  and  a  copper  foil  for  the  negative  electrode.  The  thickness  of  the  support  is  not  restricted  to  a  particular 
range,  but  in  general  ranges  from  1  to  500  urn 

The  separator  usable  in  the  present  invention  may  be  any  insulating  thin  film  having  a  high  ion-permeability  and 
desired  mechanical  strength  and  examples  of  materials  for  the  separator  include  olefinic  polymers,  fluoropolymers, 
cellulosic  polymers,  polyimides,  polyamides,  glass  fibers  and  alumina  fibers,  which  may  be  used  in  the  form  of  sheets, 

30  nonwoven  fabrics,  woven  fabrics  and  microporous  films.  In  particular,  preferred  materials  are  polypropylene,  polyeth- 
ylene,  mixture  of  polypropylene  and  Teflon  (registered  trademark)  and  mixture  of  polyethylene  and  Teflon  and  preferred 
shape  of  the  separator  include  microporous  films.  Particularly  preferred  are  microporous  films  each  having  a  pore  size 
ranging  from  0.01  to  1  0  urn  and  a  thickness  ranging  from  5  to  300  urn. 

The  electrolytes  usable  herein  are  those  obtained  by  dissolving  at  least  one  electrolyte  selected  from  the  group 
35  consisting  of  LiCI04,  LiBF4,  LiPF6,  LiCF3S03,  LiCF3C02,  LiAsF6,  LiSbF6,  LiB10CI10,  lithium  salts  of  lower  aliphatic 

carboxylic  acids,  LiAICI4,  LiCI,  LiBr,  Lil,  chloroborane  lithium  salt  and  lithium  tetraphenylborate  in  an  organic  solvent 
comprising  at  least  one  member  selected  from  the  group  consisting  of  propylene  carbonate,  ethylene  carbonate,  buty- 
lene  carbonate,  dimethyl  carbonate,  diethyl  carbonate,  methyl  ethyl  carbonate,  1  ,2-dimethoxyethane,  y-butyrolactone, 
tetrahydrofuran,  2-methyl  tetrahydrofuran,  dimethylsulfoxide,  dioxolan,  1  ,3-dioxolan,  formamide,  dimethylformamide, 

40  nitromethane,  acetonitrile,  methyl  formate,  methyl  acetate,  methyl  propionate,  ethyl  propionate,  phosphoric  acid  tri- 
esters,  trimethoxymethane,  dioxolan  derivatives,  sulfolane,  3-methyl-2-oxazolidinone,  propylene  carbonate  deriva- 
tives,  tetrahydrofuran  derivatives,  diethyl  ether  and  1  ,3-propanesultone.  Preferred  are  those  obtained  by  dissolving 
LiCF3S03,  LiCI04,  LiBF4  and/or  LiPF6  in  a  mixed  solvent  comprising  propylene  carbonate  or  ethylene  carbonate  and 
1  ,2-dimethoxyethane  and/or  diethyl  carbonate  and,  in  particular,  the  electrolyte  is  preferably  comprises  at  least  ethylene 

45  carbonate  and  LiPF6. 
The  amount  of  these  electrolytes  to  be  added  to  the  cell  is  not  restricted  to  a  particular  range  and  varies  depending 

on  the  amounts  of  positive  and  negative  electrode  active  materials  and  the  size  of  the  cell  to  be  assembled. 
The  volume  ratio  of  the  solvents  used  in  the  mixed  solvent  is  not  also  restricted  to  a  specific  range,  but  preferably 

ranges  from  0.4/0.6  to  0.6/0.4  for  propylene  carbonate  or  ethylene  carbonate  or  butylene  carbonate/1  ,2-dimethox- 
50  yethane  and/or  diethyl  carbonate  mixed  solvents  (preferably  0.4/0.6  to  0.6/0.4  when  ethylene  carbonate  and  butylene 

carbonate  are  simultaneously  used  and  0.4/0.6  to  0.6/0.4  when  1  ,2-dimethoxyethane  and  diethyl  carbonate  are  simul- 
taneously  used). 

The  concentration  of  a  supporting  electrolyte  is  not  particularly  restricted,  but  preferably  ranges  from  0.2  to  3  moles 
per  liter  of  the  electrolyte  solution. 

55  The  following  solid  electrolytes  may  likewise  be  used  in  addition  to  the  foregoing  electrolyte  solutions. 
The  solid  electrolytes  are  divided  into  inorganic  and  organic  solid  electrolytes. 
Well-known  inorganic  solid  electrolytes  are,  for  instance,  nitride,  halides  and  oxyacid  salts  of  lithium,  Among  these, 

effectively  used  are  Li3N,  Lil,  Li5NI2,  Li3N-Lil-LiOH,  LiSi04,  LiSi04-Lil-LiOH,  xLi3P04-(1-x)Li4Si04,  Li2SiS3  and  phos- 

10 
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phorus  sulfide  compounds. 
Examples  of  organic  solid  electrolytes  effectively  used  are  polyethylene  oxide  derivatives  or  polymers  containing 

the  derivatives;  polypropylene  oxide  derivatives  or  polymers  containing  the  derivatives;  polymers  carrying  ionically 
dissociable  groups;  mixture  of  the  polymers  carrying  ionically  dissociable  groups  with  the  foregoing  aprotic  electrolyte 

5  solutions;  and  phosphoric  acid  ester  polymers. 
Moreover,  it  has  been  known  that  polyacrylonitrile  is  added  to  the  electrolyte  solution.  In  addition,  a  method  which 

makes  use  of  a  combination  of  inorganic  and  organic  solid  electrolytes  has  also  been  known. 
It  has  been  known  to  add  the  following  compounds  to  the  electrolyte  for  improving  the  discharge  and  charge- 

discharge  properties  of  the  resulting  cell  and  examples  of  such  compounds  are  pyridine,  triethyl  phosphite,  trieth- 
10  anolamine,  cyclic  ethers,  ethylenediamine,  n-glyme,  hexaphosphoric  acid  triamide,  nitrobenzene  derivatives,  sulfur, 

quinoneimine  dyes,  N-substituted  oxazolidinone  and  N,  N,N'-substituted  imidazolidinone,  ethylene  glycol  dialkyl  ethers, 
quaternary  ammonium  salts,  polyethylene  glycol,  pyrrole,  2-methoxyethanol,  AICI3,  monomers  for  conductive  polymer 
electrode  active  materials,  triethylene  phosphoramide,  trialkyl  phosphines,  morpholine,  aryl  compounds  carrying  car- 
bonyl  groups,  hexamethylphosphoric  triamide  and  4-alkylmorpholines,  alkylmorpholines,  bicyclic  tertiary  amines,  oils, 

is  quaternary  phosphonium  salts  and  tertiary  sulfonium  salts. 
The  electrolyte  may  comprise  a  halogen  atom-containing  solvent  such  as  carbon  tetrachloride  and/or  trifluorochlo- 

roethylene  to  make  the  electrolyte  non-combustible.  Moreover,  carbon  dioxide  gas  may  be  added  to  the  electrolyte  to 
impart  high-temperature  storability  to  the  resulting  cell. 

Further  the  depolarizing  mixes  for  positive  and  negative  electrodes  may  comprise  an  electrolyte  solution  or  an 
20  electrolyte.  For  instance,  there  have  been  known  a  method  in  which  the  foregoing  ion-conductive  polymer,  nitromethane 

and/or  an  electrolyte  solution  are  incorporated  into  the  depolarizing  mixes. 
In  addition,  the  surface  of  the  positive  electrode  active  material  can  be  modified  by,  for  instance,  treating  the  surface 

of  a  metal  oxide  with  an  esterifying  agent,  a  chelating  agent,  a  conductive  polymer  and/or  polyethylene  oxide. 
The  surface  of  the  negative  electrode  active  material  can  likewise  be  modified  by,  for  instance,  applying  a  layer  of 

25  an  ion-conductive  polymer  or  polyacetylene  thereto  or  treating  the  surface  with,  for  instance.  LiCI. 
Materials  for  the  closed-end  armoring  can  usable  in  the  present  invention  may  be,  for  instance,  nickel-plated  steel 

plates,  stainless  steel  plates  (such  as  SUS  304.  SUS  304L.  SUS  304N,  SUS  316,  SUS  31  6L,  SUS  430  and  SUS  444), 
nickel-plated  stainless  steel  plates  (such  as  those  listed  above),  aluminum  or  alloys  thereof,  nickel,  titanium  and  copper, 
which  may  be  in  the  form  of  cylinders  having  a  circular-section,  elliptic-section,  square-section  and  rectangular-section. 

30  In  particular,  if  the  armoring  can  simultaneously  serves  as  a  negative  terminal,  stainless  steel  plates  and  nickel-plated 
steel  plates  are  preferred,  while  if  the  armoring  can  simultaneously  serves  as  a  positive  terminal,  stainless  steel  plates, 
aluminum  or  alloys  thereof  are  preferred. 

The  gaskets  usable  in  the  present  invention  may  be  those  prepared  from  olefinic  polymers,  fluoropolymers,  cellu- 
losic  polymers,  polyimides  and  polyamides,  with  olefinic  polymers  being  preferred  because  of  high  resistance  to  organic 

35  solvents  and  low  water-permeability,  and  block  copolymers  of  propylene  and  ethylene  being  more  preferred. 
The  cell  of  the  present  invention  is,  if  necessary,  covered  with  an  armoring  material.  Examples  of  such  armoring 

materials  are  heat-shrinkable  tubings,  adhesive  tapes,  metal  films,  paper,  cloths,  paint  and  varnish  and  plastic  cases. 
The  armor  may  partially  be  composed  of  a  portion  which  undergoes  color  change  upon  heating  so  that  the  heat  history 
of  the  cell  during  use  can  be  monitored. 

40  A  plurality  of  the  cells  of  the  present  invention  are  optionally  combined  in  series  or  parallel  and  accommodated  in 
a  cell-package.  The  cell  package  may  be  provided  with  a  resistor  having  a  positive  temperature  coefficient,  a  temper- 
ature  fuse  and  safety  elements  such  as  a  fuse  and/or  a  current  cutoff  element  as  well  as  a  safety  circuit  (i.e.,  a  circuit 
having  functions  for  monitoring,  for  instance,  the  voltage,  temperature  and  current  of  each  cell  and/or  a  cell  assembly 
and,  if  necessary,  a  circuit  for  cutting  off  the  current).  In  addition,  the  cell  package  may  comprises,  in  addition  to  positive 

45  and  negative  terminals  for  the  entire  cell  assembly,  external  terminals  such  as  positive  and  negative  terminals  for  each 
cell,  temperature-detecting  terminals  for  the  cell  assembly  and/or  each  cell  and  a  current-detecting  terminal  for  the  cell 
assembly.  Moreover,  the  cell  package  may  comprise  built-in  voltage-conversion  circuit  (such  as  DC-DC  converter). 
Further  the  connection  of  each  cell  may  be  performed  by  fixing  the  cell  through  welding  the  lead  plate  thereof  or  by 
fixing  it  through  the  use  of,  for  instance,  a  socket  so  that  it  is  easily  removable.  Moreover,  the  cell  package  may  have 

so  a  function  for  displaying  the  remaining  capacity  thereof,  necessity  of  charging,  number  of  use  or  the  like. 
The  cell  may  have  any  shape  such  as  a  coin,  button,  sheet,  cylinder  or  square. 
If  the  cell  is  in  a  coin  or  button-like  shape,  the  depolarizing  mixes  of  positive  and  negative  electrode  active  materials 

are  principally  used  after  compressing  them  into  pellets.  The  thickness  and  diameter  of  the  pellet  are  determined 
depending  on  the  size  of  the  cell.  On  the  other  hand,  if  the  cell  is  in  a  sheet,  cylinder  or  square  shape,  the  depolarizing 

55  mixes  of  positive  and  negative  electrode  active  materials  are  principally  used  by  coating  them  on  a  current  collector, 
drying  and  then  compressing.  The  thickness,  length  and  width  of  the  coated  layer  are  determined  depending  on  the 
size  of  the  cell,  but  the  thickness  thereof  particularly  preferably  ranges  from  1  to  2000  urn. 

The  drying  and  dehydration  of  the  pellets  and  sheets  may  be  carried  out  through  the  use  of  methods  currently 
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adopted.  In  particular,  it  is  preferred  to  use  hot  air,  vacuum,  infrared  rays,  far  infrared  rays,  electron  beam  and  low 
humidity  air  drying  techniques  which  may  be  used  alone  or  in  any  combination.  The  temperature  for  the  drying  and 
dehydration  preferably  ranges  from  80  to  350°C  and  in  particular  100  to  250  °C.  The  total  water  content  of  the  cell  is 
preferably  not  more  than  2000  ppm  and  the  water  contents  of  the  depolarizing  mixes  for  positive  and  negative  electrodes 

5  and  the  electrolyte  each  is  preferably  not  more  than  500  ppm  from  the  viewpoint  of  the  cycle  life  of  the  resulting  cell. 
The  pellets  and  sheets  may  be  pressed  by  any  currently  used  method,  but  the  speed  of  pressing  in  the  mold  press 

and  calender  press  methods  preferably  ranges  from  0.1  to  50  m/min.  The  temperature  for  the  pressing  step  preferably 
ranges  from  room  temperature  to  200  °C. 

The  sheet  of  the  depolarizing  mix  is  wound  or  folded,  then  inserted  into  a  can,  followed  by  electrical  connection 
10  of  the  can  to  the  sheet,  injection  of  an  electrolyte  and  seal  of  the  can  for  the  cell  with  a  closing  lid.  In  this  respect,  a 

safety  valve  may  be  used  as  the  closing  lid.  In  addition  to  the  safety  valve,  the  cell  may  be  provided  with  various  safety 
elements  conventionally  known.  For  instance,  fuses,  bimetals  and  PTC  elements  are  used  as  the  overcurrent-inhibitory 
element.  Moreover,  the  cell  may  be  provided  with  a  circuit  combined  with  a  method  for  making  cuts  on  the  cell-can,  a 
gasket  or  the  closing  lid  as  a  measure  for  preventing  an  increase  in  the  internal  pressure  of  the  cell-can. 

is  The  electrolyte  may  be  injected  at  a  time,  but  preferably  it  is  stepwise  injected  in  at  least  two  portions.  If  the 
electrolyte  is  stepwise  injected  in  at  least  two  portions,  the  portions  may  have  the  same  composition  or  different  com- 
positions  (for  instance,  first  a  non-aqueous  solvent  or  a  solution  of  a  lithium  salt  in  a  non-aqueous  solvent  is  injected 
and  then  a  non-aqueous  solvent  having  a  viscosity  higher  than  that  of  the  foregoing  solvent  or  a  solution  of  a  lithium 
salt  in  the  non-aqueous  solvent  is  injected).  In  addition,  a  reduced  pressure  (preferably  ranging  from  500  to  1  torr  and 

20  more  preferably  400  to  10  torr)  may  be  applied  to  the  cell-can  or  a  centrifugal  force  or  ultrasonics  may  be  applied  to 
the  cell-can,  for  the  reduction  of  the  time  required  for  the  injection  of  the  electrolyte. 

The  can  and  lead  plate  may  be  produced  from  electrically  conductive  metals  or  alloys,  for  instance,  metals  such 
as  iron,  nickel,  titanium,  chromium,  molybdenum,  copper  and  aluminum  or  alloys  thereof.  The  cap,  can,  sheet,  lead 
plate  may  be  welded  by  any  known  method  (such  as  direct  or  alternating  current  electric  welding,  laser  welding  and 

25  ultrasonic  welding). 
The  cutoff  voltage  for  the  charge-discharge  cycle  is  not  unconditionally  determined  since  it  varies  depending  on 

the  kinds  and  combinations  of  the  positive  and  negative  electrode  active  materials  used,  but  is  preferably  a  voltage 
which  can  ensure  a  high  discharge  voltage  and  can  substantially  maintain  a  long  cycle  life. 

The  cell  of  the  present  invention  can  be  used  in  various  apparatuses.  In  particular,  the  cell  of  the  invention  is 
30  preferably  used  in  video  movies,  portable  video  decks  provided  with  built-in  monitors,  movie  cameras  provided  with 

built-in  monitors,  compact  cameras,  single-lens  reflex  cameras,  disposable  cameras,  films  provided  with  lenses,  note- 
book-type  personal  computers,  notebook-type  word  processors,  electronic  notebooks,  portable  telephones,  cordless 
telephones,  shavers,  motor-driven  tools,  motor-driven  mixers  and  motorcars. 

The  non-aqueous  secondary  cell  of  the  present  invention  are  not  limited  to  specific  applications,  but  may  be  used 
35  in,  for  instance,  electronic  apparatuses  such  as  color  notebook  type  personal  computers,  monochromatic  notebook 

type  personal  computers,  pencil-input  type  personal  computers,  pocket  (palm-top)  type  personal  computers,  notebook 
type  word  processors,  pocket  type  word  processors,  electronic  book  type  players,  portable  telephones,  secondary 
telephones  for  cordless  telephones,  pagers,  handy  terminals,  portable  facsimiles,  portable  copiers,  portable  printers, 
headphone  stereos,  video  movies,  liquid  crystal  televisions,  handy  cleaners,  portable  CD's,  minidiscs,  electric  shavers, 

40  electronic  translators,  telephones  for  motorcars,  transceivers,  motor-driven  tools,  electronic  memorandom  books,  elec- 
tronic  calculators,  memory  cards,  tape  recorders,  radios,  back-up  electric  power  sources  and  memory  cards.  The 
secondary  cell  may  likewise  be  used  in  apparatuses  and  tools  for  daily  life  such  as  motorcars,  electric  motored  vehicles, 
motors,  lighting  equipments,  toys,  machinery  and  tools  for  games,  road  conditioners,  electric  irons,  watches,  strobo- 
scopes,  cameras,  medical  machinery  and  tools  (such  as  pacemakers,  hearing  aids  and  massagers).  The  cell  may  be 

45  used  for  various  kinds  of  war  supplies  and  for  space  development.  In  addition,  the  cell  may  be  combined  with  solar  cells. 
In  case  of  non-aqueous  secondary  cells,  the  cell  temperature  increases  when  abnormality  such  as  overcharge  or 

short  occurs,  as  has  been  described  above.  Therefore,  if  the  cell  is  an  enclosed  type  one,  the  electrolyte  begins  to 
vaporize  when  the  cell  is  successively  maintained  at  a  condition  of  overcharge  or  short  and  thus  the  internal  pressure 
of  the  cell  increases.  In  particular,  the  cell  voltage  is  high  when  it  is  in  an  overcharge  condition,  the  electrolyte  or  active 

so  materials  abruptly  cause,  for  instance,  decomposition  at  a  certain  instance  and  the  cell  is  often  exploded.  The  enclosed 
type  non-aqueous  secondary  cell  of  the  present  invention  has  a  structure  capable  of  completely  and  precisely  cutting 
off  the  current  path  at  the  initial  stage  of  an  increase  in  the  cell  temperature  or  the  internal  pressure  thereof  in  order  to 
prevent,  in  advance,  the  worst  case,  i.e.,  explosion  of  the  cell  even  under  overcharge  conditions.  More  specifically,  a 
switch  for  current-cutoff  is  arranged  on  an  explosion-proof  valve  at  the  side  opposite  to  an  electrode  group  and  this 

55  accordingly,  permits  the  prevention  of  any  deterioration  of  the  precision  in  the  current-cutoff  at  the  switching  portion 
due  to,  for  instance,  corrosion  of  the  welded  or  contact  part  by  the  action  of  the  electrolyte.  Moreover,  the  switch  for 
current-cutoff  is  a  non-reverse  type  one  and  thus  any  intermittent  increase  in  the  cell  voltage  is  not  caused,  at  all, 
during  overcharge.  In  addition,  the  lead  plate  extended  from  the  positive  or  negative  electrode  of  the  electrode  group 
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is  not  broken  or  peeled  off  during  current-cutoff  and  therefore,  the  lead  plate  is  not  in  any  suspended  state  and  does 
not  come  in  contact  with  the  inner  wall  of  the  cell  armoring  can  to  thus  cause  internal  short.  Moreover,  the  valve  per 
se  which  undergoes  deformation  when  the  internal  pressure  within  the  cell  increases  is  not  joined  through  welding  and 
accordingly,  the  valve  does  not  have  any  defects  such  as  pinholes.  Thus,  the  enclosed  type  non-aqueous  secondary 

5  cell  of  the  present  invention  is  quite  safe  even  when  abnormality  such  as  overcharge  or  short  occurs. 
The  present  invention  will  hereunder  be  described  in  more  detail  with  reference  to  the  following  Examples,  but  the 

present  invention  is  not  restricted  to  these  specific  Examples  and  should  include  various  variations  and  modifications 
so  far  as  they  are  not  beyond  the  scope  of  the  present  invention. 

10  Example  1 

An  enclosed  type  non-aqueous  secondary  cell  was  assembled,  as  shown  in  Fig.  1  ,  by  winding,  through  separators, 
positive  electrodes  produced  by  applying  a  positive  electrode  active  material-containing  depolarizing  mix  to  current 
collectors  and  negative  electrodes  produced  by  applying  a  negative  electrode  active  material-containing  depolarizing 

is  mix  to  current  collectors  to  give  an  electrode  group  2;  sandwiching  the  electrode  group  2  between  insulating  materials; 
then  accommodating  the  sandwiched  electrode  group  2  in  an  armoring  can  1  for  cell;  arranging  a  closing  lid  on  the 
opening  of  the  armoring  can  1  through  an  insulating  gasket  5  to  thus  air-tightly  sealing  the  can  1  .  In  this  respect,  the 
closing  lid  was  electrically  connected  to  a  lead  plate  4  extended  from  the  positive  electrode  and  a  lead  plate  (not  shown) 
extended  from  the  negative  electrode  was  electrically  connected  to  the  cell-armoring  can  1  so  that  the  closing  lid  and 

20  the  cell-armoring  can  1  served  as  positive  and  negative  terminals  respectively. 
The  positive  electrode  was  prepared  by  mixing  LiCo02  (87  parts  by  weight)  as  active  material,  graphite  (9  parts 

by  weight)  as  a  conductivity-imparting  agent  and  sodium  polyacrylate  (one  part  by  weight)  and  polytetrafluoroethylene 
(3  parts  by  weight)  as  binders,  kneading  the  mixture  together  with  water  as  a  medium  to  give  a  slurry,  then  applying 
the  slurry  onto  both  sides  of  an  aluminum  foil  (current  collector;  thickness:  20  urn),  drying  the  coated  slurry  and  com- 

25  pression-molding  the  current  collector  using  a  calender  press  to  give  a  band-like  positive  electrode  (thickness:  250  urn). 
The  negative  electrode  was  prepared  by  mixing  SiSn03  (86  parts  by  weight)  as  active  material,  acetylene  black 

(3  parts  by  weight)  and  graphite  (6  parts  by  weight)  as  conductivity-imparting  agents  and  polyvinylidene  fluoride  (4 
parts  by  weight)  and  carboxymethyl  cellulose  (one  part  by  weight)  as  binders,  kneading  the  mixture  together  with  water 
as  a  medium  to  give  a  slurry,  then  applying  the  slurry  onto  both  sides  of  a  copper  foil  (current  collector;  thickness:  18 

30  urn),  drying  the  coated  slurry  and  compression-molding  the  current  collector  using  a  calender  press  to  give  a  band- 
like  negative  electrode  (thickness:  80  urn). 

Each  of  the  positive  and  negative  electrodes  thus  prepared  was  cut  into  pieces  having  a  predetermined  size  after 
dehydrating  and  drying  the  electrodes  in  a  low  humidity  atmosphere  (dew  point:  -50  °C),  lead  plates  4  of  aluminum 
and  nickel  were  secured  to  the  ends  of  the  positive  and  negative  electrodes  respectively  and  these  positive  and  negative 

35  electrodes  were  wound  through  microporous  film  separators  of  polypropylene  (Cell  Guard:  #2400)  to  give  an  electrode 
assembly.  Then  the  electrode  group  2  was  accommodated  in  a  cylindrical  closed-end  cell-armoring  can  1  having  a 
circular  section  (produced  from  a  nickel-plated  steel  plate)  together  with  an  electrolyte  which  was  a  1  mol/l  solution  of 
LiPF6  in  a  2:8  (volume  ratio)  mixed  solvent  of  ethylene  carbonate  and  diethyl  carbonate,  followed  by  sealing  the  ar- 
moring  can  1  with  a  closing  lid,  as  will  be  detailed  below,  and  a  gasket  5  of  propylene/ethylene  copolymer  to  give  a 

40  cylindrical  cell  having  a  diameter  of  18  mm  and  a  height  of  65  mm. 

(Cell  1) 

As  shown  in  Fig.  1,  a  thin  film-like  explosion-proof  valve  6  was  produced  by  fusing,  with  heating,  a  valve  body 
45  which  was  prepared  by  applying  a  heat-fusible  resin  onto  one  side  of  an  aluminum  thin  film  and  then  drying  the  coated 

resin  layer  to  a  flat  portion  near  the  periphery  of  a  dish-like  lid  body  6a  of  SUS  31  6L  having  a  vent  hole  6b  at  the  center 
and  a  rising  portion  6c  at  the  outer  periphery  and  then  holding  and  supporting  the  fused  portion  by  inwardly  bending 
the  rising  portion  13  of  the  dish-like  lid  body  6a  through  a  ring-like  plate.  A  switch  for  current-cutoff  was  provided  by 
arranging  and  laminating  a  conductive  body  7,  an  insulating  plate  11  and  a  resistor  8  having  a  positive  temperature 

so  coefficient  (hereunder  referred  to  as  "PTC  element")  in  this  order  from  the  side  of  the  explosion-proof  valve.  In  this 
respect,  the  conductive  body  7  consists  of  a  shape  memory  alloy  and  has  a  rising  portion  13  protruded  towards  the 
PTC  element  8  at  the  center  thereof.  The  conductive  body  7  comes  in  contact  with  the  PTC  element  8  to  ensure 
electrical  connection  therebetween  and  simultaneously,  at  the  outer  periphery  thereof,  comes  in  contact  with  the  outer 
periphery  of  the  explosion-proof  valve  to  thus  ensure  electrical  connection  therebetween.  The  insulating  material  11 

55  has  a  ring-like  shape  and  insulates  the  conductive  body  7  from  the  PTC  element  8  at  the  outer  periphery.  The  terminal 
cap  9  provided  with  vent  holes  9a  has  a  projected  portion  at  the  center  thereof  and  comes  in  contact  with  the  PTC 
element  8  at  the  outer  periphery  to  ensure  electrical  connection.  In  this  Example,  the  foregoing  ring-like  plate  and  the 
terminal  cap  9  used  were  those  produced  from  a  nickel-plated  steel  plate.  The  cell  provided  with  the  closing  lid  thus 

13 
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produced  is  referred  to  as  Cell  1  . 

(Cell  2) 

5  As  shown  in  Fig.  3,  an  explosion-proof  valve  6  provided  with  shallow  grooves  was  produced  by  fitting  a  valve  body 
which  was  a  dish-like  body  of  aluminum  having  a  stepped  portion  protruded  towards  an  electrode  group  2  in  the  vicinity 
of  the  outer  periphery  and  groove-like  thin  portions  on  the  flat  portion  at  the  center,  in  a  dish-like  lid  body  6a  of  aluminum 
having  central  vent  holes  6b  at  the  stepped  portion  of  the  valve  body  6  from  the  side  of  the  electrode  group  2.  A  switch 
for  current-cutoff  was  formed  by  arranging  and  laminating  a  first  conductive  body  7a,  an  insulating  plate  11  ,  a  second 

10  conductive  body  7b,  in  which  a  working  body  1  0  is  fitted  at  the  central  portion,  and  a  PTC  element  8  in  this  order  from 
the  side  of  the  explosion-proof  valve  6.  In  this  respect,  the  first  conductive  body  7a  has  a  ring-like  shape  provided  with 
a  through  hole  at  the  center  and  comes  in  contact  with  the  outer  periphery  of  the  explosion-proof  valve  6  at  the  outer 
periphery  of  the  body  to  thus  ensure  electrical  connection  therebetween.  The  second  conductive  body  7b  likewise  has 
a  ring-like  shape,  has  a  support  portion  1  4  in  which  the  working  body  1  0  is  fitted,  comes  in  contact  with  the  PTC  element 

is  8  at  the  outer  periphery  to  ensure  electrical  connection  and  is  electrically  connected  to  the  first  conductive  body  7a  at 
the  support  portion.  Moreover,  the  working  body  10  consists  of  an  insulating  resin,  is  supported  by  the  second  con- 
ductive  body  7b  and  arranged  in  such  a  manner  that  it  passes  through  the  through  hole  of  the  first  conductive  body  7a 
and  approaches  or  comes  in  contact  with  the  valve  body  6.  In  addition,  the  insulating  plate  11  has  a  ring-like  shape 
and  insulates  the  first  conductive  body  7a  from  the  second  conductive  body  7b  at  the  outer  periphery  thereof.  The 

20  terminal  cap  9  provided  with  vent  holes  9a  is  the  same  as  that  used  in  Cell  1  and  comes  in  contact  with  the  second 
conductive  body  7b  at  the  outer  periphery  to  ensure  the  electrical  connection  therebetween.  In  this  Example,  the  fore- 
going  first  and  second  conductive  bodies  7a  and  7b  used  were  produced  from  a  nickel-plated  steel  plate.  The  cell 
provided  with  the  closing  lid  thus  produced  is  referred  to  as  Cell  2. 

25  (Cell  3) 

As  shwon  in  Fig.  5,  an  explosion-proof  valve  6  used  herein  was  the  same  as  that  used  in  Cell  1  ,  a  switch  for  current- 
cutoff  was  formed  by  arranging  and  laminating  a  working  bodylO,  an  insulating  material  11  supporting  a  first  conductive 
body  7a  on  the  side  facing  an  electrode  group  2  and  a  second  conductive  body  7b  on  the  opposite  side  and  a  PTC 

30  element  8  in  this  order  from  the  side  of  an  explosion-proof  valve  6.  The  first  and  second  conductive  bodies  7a  and  7b 
are  in  band-like  forms,  the  tips  thereof  are  shaped  through  folding  and  the  folded  portions  come  in  contact  with  one 
another  to  ensure  electrical  connection  therebetween.  Moreover,  the  insulating  material  11  is  in  a  ring-like  form  having 
vent  holes  6b  at  the  central  portion  and  insulates  the  first  conductive  body  7a  from  the  second  conductive  body  7b  at 
the  outer  periphery  thereof.  Moreover,  the  working  body  10  consists  of  an  insulating  resin  and  is  arranged  between 

35  the  contact  and  conductive  portion  of  the  first  and  second  conductive  bodies  7a  and  7b  and  the  valve  body.  A  terminal 
cap  9  provided  with  vent  holes  9a  used  herein  was  the  same  as  that  used  in  Cell  1  and  comes  in  contact  with  the  PTC 
element  8  at  the  peripheral  portion  to  thus  ensure  electrical  connection  therebetween.  In  this  Example,  the  foregoing 
first  and  second  conductive  bodies  7a  and  7b  used  were  produced  from  a  nickel-plated  steel  plate.  The  cell  provided 
with  the  closing  lid  thus  produced  is  referred  to  as  Cell  3. 

40 
(Cell  4) 

A  cell  having  a  structure  approximately  identical  to  that  of  Cell  2  except  that  the  second  conductive  body  7b  was 
formed  from  a  band-like  shape  memory  alloy  as  shown  in  Fig.  7.  The  cell  thus  obtained  is  referred  to  as  Cell  4. 

45 
(Cell  5) 

A  cell  was  assembled.  The  cell  had  a  structure  approximately  identical  to  that  of  Cell  3  except  that  the  second 
conductive  body  7b  was  formed  from  a  band-like  shape  memory  alloy  and  that  the  working  body  10  was  arranged 

so  between  the  second  conductive  body  7b  and  the  valve  body  6  as  shown  in  Fig.  8.  The  resulting  cell  is  referred  to  as 
Cell  5. 

(Cell  6) 

55  A  cell  was  assembled.  The  cell  had  a  structure  approximately  identical  to  that  of  Cell  2  except  that  a  spring  12 
comprising  a  shape  memory  alloy  was  arranged  between  the  second  conductive  body  7b  and  the  terminal  cap  9  as 
shown  in  Fig.  9.  The  cell  thus  produced  is  referred  to  as  Cell  6. 

14 
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(Cells  7  to  11) 

Conventional  cells  were  produced  using,  as  the  foregoing  closing  lid,  that  disclosed  in  J.  P.  KOKAI  No.  Hei  2-112151 
(Cell  7);  that  disclosed  in  Japanese  Un-examined  Utility  Model  Publication  No.  Hei  5-62956  (Cell  8);  that  disclosed  in 

5  J.  P.  KOKAI  No.  Hei  5-343043  (Cell  9);  that  disclosed  in  J.  P.  KOKAI  No.  Hei  5-347154  (Cell  10);  and  that  disclosed  in 
J.  P.  KOKAI  No.  Hei  5-205727  (Cell  11). 

The  cells  of  the  present  invention  and  conventional  cells  produced  above  each  was  subjected,  10  times,  to  the 
following  cycle  comprising  completely  charging,  then  storing  in  an  atmosphere  of  60  °C  and  a  relative  humidity  of  90% 
for  1  0  days,  completely  discharging,  then  repeating  charge-discharge  operations  over  5  times,  again  completely  charg- 

10  ing  and  then  storing.  Thereafter,  each  cell  was  subjected  to  a  test  which  comprised  3C  continuous  overcharge  at  room 
temperature  (the  number  of  each  cell  used  in  the  test  was  set  at  20).  The  results  thus  obtained  are  listed  in  the  following 
Table  1  (each  numerical  value  in  Table  1  means  a  probability  of  each  cell  in  which  the  current  circuit-cutoff  mechanism 
was  normally  operated  and  was  not  exploded). 

15  Table  1 

25 

Cell  No.  Before  Storage  After  Storage 
1  100  100 
2  100  100 
3  100  100 
4  100  100 
5  100  100 
6  100  100 
7  85  75 
8  95  90 
9  95  90 

10  95  85 
11  40  45 
(unit:  %) 

As  has  been  discussed  above,  in  all  of  the  enclosed  non-aqueous  secondary  cell  of  the  present  invention,  the 
switch  for  current  circuit-cutoff  operates  with  certainty  and  the  cells  were  not  exploded  at  all.  Moreover,  the  contact 
type  switch  was  used  in  the  cells  produced  in  Examples  of  the  present  invention,  but  the  same  results  were  obtained 

35  even  when  joining  the  contact  switch  portion  through  spot-welding.  In  addition,  the  same  results  were  also  obtained 
even  when  an  explosion-proof  valve  provided  with  shallow  grooves  was  substituted  for  the  thin  film  type  explosion- 
proof  valve  or  a  thin  film  type  explosion-proof  valve  was  substituted  for  the  explosion-proof  valve  provided  with  shallow 
grooves. 

40  Example  2 

Examples  in  which  carbonates  are  used  in  combination  with  the  positive  electrode  active  materials  will  be  described 
below. 

45  Preparation  of  Cell 

A  slurry  for  positive  electrode  was  prepared  by  mixing  92  parts  by  weight  of  LiCo02  as  a  positive  electrode  active 
material  and  4  parts  by  weight  of  acetylene  black  as  a  conductivity-imparting  agent,  adding  3  parts  by  weight  of  poly- 
tetrafluoroethylene  and  one  part  by  weight  of  sodium  polyacrylate  as  binders  and  kneading  the  mixture  using  water  as 

50  a  medium.  The  resulting  slurry  was  applied  onto  both  sides  of  a  current  collector  of  an  aluminum  foil  (support)  having 
a  thickness  of  20  urn.  After  drying  the  coated  slurry,  the  collector  was  compression-molded  into  band-like  positive 
electrode  sheet  using  a  calender  press.  A  lead  plate  was  connected  to  one  end  of  the  positive  electrode  sheet  through 
spot-welding  and  then  the  sheet  was  heat-treated  at  150  °C  for  4  hours  in  a  dry  air  having  a  dew  point  of  not  more 
than  -40  °C. 

55  Tin  monooxide  (1  3.5  g)  and  silicon  dioxide  (6.0  g)  were  mixed  under  a  dry  condition  in  a  ball  mill.  Then  the  resulting 
mixture  was  introduced  into  an  alumina  crucible  and  the  temperature  thereof  was  raised  to  1000  °C  at  a  rate  of  15°C/ 
min  in  an  argon  gas  atmosphere.  After  calcination  of  the  mixture  at  1  000  °C  for  1  2  hours,  the  temperature  thereof  was 
reduced  to  room  temperature  at  a  rate  of  1  0°C/min  in  an  argon  gas  atmosphere  to  give  a  glass-like  desired  compound. 

15 
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The  compound  was  roughly  pulverized  using  a  jaw  crusher,  dry-pulverized  in  a  rotary  air  jet  type  jet  mill  at  room  tem- 
perature  and  then  classified  with  a  cyclone  to  give  a  negative  electrode  active  material.  There  were  mixed  84  parts  by 
weight  of  the  negative  electrode  active  material,  3  parts  by  weight  of  acetylene  black  and  8  parts  by  weight  of  graphite, 
followed  by  addition  of  4  parts  by  weight  of  polyvinylidene  fluoride  and  one  part  by  weight  of  carboxymethyl  cellulose 

5  as  binders  and  kneading  with  water  as  a  medium  to  give  a  slurry  for  negative  electrodes.  The  resulting  slurry  was 
applied  onto  both  sides  of  a  copper  foil  having  a  thickness  of  1  8  urn  using  a  doctor  blade  coater.  After  drying  the  coated 
slurry,  the  copper  foil  was  compression-molded  using  a  calender  press,  a  lead  plate  was  connected  to  one  end  of  the 
press-molded  foil  through  spot-welding  and  then  the  foil  was  heat-treated  at  150  °C  for  4  hours  in  a  dry  air  having  a 
dew  point  of  not  more  than  -40  °C  to  give  a  band-like  negative  electrode  sheet. 

10  The  positive  electrode  sheet  produced  above,  a  separator  of  a  microporous  polypropylene  film  (Cell  Guard  2400), 
the  negative  electrode  sheet  thus  prepared  and  the  same  separator  were  laminated  in  this  order  and  the  laminate  was 
wound  into  a  spiral  form. 

The  wound  body  was  accommodated  in  a  closed-end  cylindrical  cell-can  of  nickel-plated  iron  which  also  served 
as  a  negative  terminal.  A  1  mol/l  LiPF6  solution  in  a  mixed  solvent  or  ethylene  carbonate  solution/diethyl  carbonate 

is  (50/50  by  volume)  was  introduced  into  the  can  as  an  electrolyte.  A  cell-lid  provided  with  a  current-cutoff  mechanism 
was  calked  through  a  gasket  to  give  a  cylindrical  cell.  In  this  respect,  a  positive  terminal  and  the  can  were,  in  advance, 
connected  to  the  positive  electrode  sheet  and  negative  electrode  sheet,  respectively,  through  lead  terminals.  The  cross 
sectional  view  of  a  part  of  the  cylindrical  cell  is  shown  in  Fig.  3. 

The  cell  thus  produced  was  subjected  to  charge-discharge  cycle  3  times  at  a  final  charge  voltage  of  4.2  V,  a  final 
20  discharge  voltage  of  2.8  V  and  a  current  density  of  2.5  mA/cm2  to  give  an  active  cell. 

The  resulting  cell  had  a  diameter  of  18  mm  and  a  height  of  65  mm. 

Example  3 

25  Non-aqueous  secondary  cells  were  produced  by  repeating  the  same  procedures  used  in  the  foregoing  "Preparation 
of  Cell"  except  that  the  following  carbonates  were  mixed  with  the  positive  electrode  active  material  and  the  conductivity- 
imparting  agent  when  preparing  slurries  for  positive  electrodes. 

Table  2 
30  Cell  No.  Name  of  Chemical  Added  Amount  (part  by  weight)  * 

001  sodium  carbonate  0.10 
002  sodium  carbonate  0.30 
003  sodium  carbonate  0.50 

35  004  sodium  carbonate  1.00 
005  sodium  carbonate  3.00 
006  sodium  carbonate  4.00 
007  sodium  carbonate  5.00 
008  calcium  carbonate  0.50 

40 009  calcium  carbonate  1.00 
010  calcium  carbonate  1.50 
011  calcium  carbonate  6.00 
012  calcium  carbonate  15.00 

45  01  3  calcium  carbonate  20.00 
014  calcium  carbonate  25.00 
015  sodium  hydrogen  carbonate  0.10 
016  sodium  hydrogen  carbonate  0.50 
017  sodium  hydrogen  carbonate  1.00 
018  potassium  carbonate  0.10 
019  potassium  carbonate  0.50 
020  potassium  carbonate  1.00 
021  potassium  hydrogen  carbonate  0.10 

55  022  potassium  hydrogen  carbonate  0.50 
023  potassium  hydrogen  carbonate  1.00 

*:  The  amount  of  the  chemical  per  100  parts  by  weight  of  the  positive  electrode  active  material. 

16 
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Table  2  (continued) 
Cell  No.  Name  of  Chemical  Added  Amount  (part  by  weight)  * 

024  rubidium  carbonate  0.10 
025  rubidium  carbonate  0.50 
026  rubidium  carbonate  1.00 
027  magnesium  carbonate  0.50 
028  magnesium  carbonate  1.50 
029  magnesium  carbonate  6.00 
030  barium  carbonate  0.50 
031  barium  carbonate  1.50 
032  barium  carbonate  6.00 

*:  The  amount  of  the  chemical  per  100  parts  by  weight  of  the  positive  electrode  active  material. 
15 

Comparative  Example  1 

Non-aqueous  secondary  cells  were  produced  by  repeating  the  same  procedures  used  in  the  foregoing  "Preparation 
of  Cell"  except  that  the  following  carbonates  were  mixed  with  the  positive  electrode  active  material  and  the  conductivity- 

20  imparting  agent  when  preparing  slurries  for  positive  electrodes. 

Table  3 
Cell  No.  Name  of  Chemical  Added  Amount  (part  by  weight)  * 

033  None 
034  sodium  carbonate  0.05 
035  sodium  carbonate  6.00 
036  sodium  carbonate  15.00 
037  calcium  carbonate  0.10 
038  calcium  carbonate  30.00 
039  lithium  carbonate  0.50 
040  lithium  carbonate  1.00 
041  lithium  carbonate  5.00 
042  lithium  carbonate  6.00 
043  lithium  carbonate  10.00 
044  lithium  carbonate  15.00 
045  iron  carbonate  6.00 

*:  The  amount  of  the  chemical  per  1  00  parts  by  weight  of  positive  electrode  active  material. 
40 

Test  Example  1 

The  foregoing  cells  (20  cells  each)  were  produced  and  positive  electrode  breakage  failure  was  examined  and 
expressed  in  terms  of  the  frequency  of  failure  (%)  (i.e.,  the  rate  of  cells  which  were  not  operated  as  normal  cells  due 

45  to  breakage  of  the  positive  electrodes  during  production  of  these  cells  or  during  charging  the  same,  out  of  the  20  cells 
produced). 

Table  4 
Cell  No.  frequency  of  failure  Cell  No.  frequency  of  failure 

001  0  002  0 
003  0  004  5 
005  5  006  5 
007  5  008  0 
009  0  010  0 
011  0  012  0 
013  0  014  0 

17 
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Table  4  (continued) 
Cell  No.  frequency  of  failure  Cell  No.  frequency  of  failure 

015  0  016  0 
017  0  018  0 
019  0  020  5 
021  0  022  0 
023  0  024  0 
025  0  026  5 
027  0  028  0 
029  0  030  0 
031  0  032  0 
033  0  034  0 
035  15  036  90 
037  0  038  15 
039  0  040  5 
041  10  042  15 
043  15  044  25 
045  0 

(unit:  %) 

Test  Example  2 

These  cells  were  subjected  to  overcharge  tests  at  a  charging  current  of  1A,  3A  and  5A.  Each  cell  (5  cells  each) 
was  used  in  the  test  and  the  number  of  damaged  cells  was  determined.  The  results  are  listed  in  the  following  Table  5. 

Table  5 
Cell  No.  Charging  Current  During  Overcharge 

1A  3A  5A 

001  0  2  4 
002  0  0  2 
003  0  0  0 
004  0  0  0 
005  0  0  0 
006  0  0  1 
007  0  0  1 
008  0  2  4 
009  0  1  3 
010  0  0  2 
011  0  0  1 
012  0  0  1 
013  0  0  2 
014  0  1  2 
015  0  2  3 
016  0  0  0 
017  0  0  0 
018  0  2  4 
019  0  0  1 
020  0  0  1 
021  0  2  3 
022  0  0  1 
023  0  0  1 
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Table  5  (continued) 
Cell  No.  Charging  Current  During  Overcharge 

1A  3A  5A 
024  0  2  5 
025  0  1  2 
026  0  0  2 
027  0  2  4 
028  0  0  2 
029  0  0  1 
030  1 3   5 
031  0  1  2 
032  0  0  2 

033  5  5  5 
034  5  5  5 
035  0  0  1 
036  (cells  could  not  be  produced) 
037  3  4  5 
038  0  1  2 
039  0  5  5 
040  0  5  5 
041  0  4  5 
042  0  3  4 
043  0  1  2 
044  0  0  1 
045  2  5  5 

30 
Test  Example  3 

The  capacity  of  these  cells  were  examined  by  first  charging  at  a  charging  current  of  1  A  till  the  voltage  reached  4. 
25  V  and  then  discharging  at  a  current  of  1  A  till  the  voltage  reached  2.7  V.  The  results  are  listed  in  the  following  Table 

35  6,  in  terms  of  the  capacity  relative  to  that  observed  for  Cell  No.  033  (which  was  assumed  to  be  100). 

Table  6 
Cell  No.  Relative  Capacity  Cell  No.  Relative  Capacity 

001  100  002  100 
003  100  004  99 
005  98  006  98 
007  97  008  100 
009  99  010  99 
011  97  012  93 
013  91  014  88 
015  100  016  99 
017  99  018  100 
019  100  020  100 
021  100  022  100 
023  100  024  100 
025  100  026  99 
027  100  028  99 
029  97  030  100 
031  99  032  97 
033  100  034  100 

19 



EP  0  689  255  B1 

Table  6  (continued) 
Cell  No.  Relative  Capacity  Cell  No.  Relative  Capacity 

035  96  036  92 
037  99  038  85 
039  98  040  97 
041  98  042  97 
043  95  044  92 
045  97 

Example  4 

Cells  were  prepared  by  repeating  the  same  procedures  used  in  Example  3  except  that  petroleum  pitch  coke  was 
used  as  the  negative  electrode  active  material. 

Table  7 
Cell  No.  Name  of  Chemical  Added  Amount  (part  by  weight)  * 

046  sodium  carbonate  0.50 
047  sodium  carbonate  1  .00 
048  sodium  carbonate  5.00 

*:  The  amount  of  the  chemical  per  1  00  parts  by  weight  of  the  positive  electrode  active  material. 

Comparative  Example  2 

A  comparative  cell  (Cell  No.  049)  was  prepared  using  petroleum  pitch  coke  as  the  negative  electrode  active  ma- 
terial,  while  addition  of  carbonate  was  omitted. 

Test  Example  4 

The  foregoing  cells  (20  cells  each)  were  produced  and  positive  electrode  breakage  failure  was  examined  and 
expressed  in  terms  of  the  frequency  of  failure  (%)  (i.e.,  the  rate  of  cells  which  were  not  operated  as  normal  cells  due 
to  breakage  of  the  positive  electrodes  during  production  of  these  cells  or  during  charging  the  same,  out  of  the  20  cells 
produced). 

Table  8 
Cell  No.  Frequency  of  Failure  (%) 

046  0 
047  5 
048  5 

049  5 

Test  Example  5 

These  cells  were  subjected  to  overcharge  tests  at  a  charging  current  of  1A,  3A  and  5A.  Each  cell  (5  cells  each) 
was  used  in  the  test  and  the  number  of  damaged  cells  was  determined.  The  results  are  listed  in  the  following  Table  9. 

Table  9 
Cell  No.  Charging  Current  During  Overcharge 

1A  3A  5A 

046  0  0  0 
047  0  0  0 
048  0  0  1 
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Table  9  (continued) 
Cell  No.  Charging  Current  During  Overcharge 

1A  3A  5A 

049  0  0  1 

Test  Example  6 

The  capacity  of  these  cells  were  examined  by  first  charging  at  a  charging  current  of  1A  till  the  voltage  reached 
4.35  V  and  then  discharging  at  a  current  of  1  A  till  the  voltage  reached  2.7  V.  The  results  are  listed  in  the  following  Table 
10,  in  terms  of  the  capacity  relative  to  that  observed  for  Cell  No.  049  (which  was  assumed  to  be  100). 

Table  10 
Cell  No.  Relative  Capacity 

046  89 
047  86 
048  80 

049  100 

As  has  been  discussed  above,  the  cell  of  the  present  invention  in  which  a  carbonate  is  simultaneously  used  rarely 
cause  positive  electrode  breakage  failure  and  has  improved  safety  during  overcharge  at  a  large  charging  current. 

The  enclosed  type  non-aqueous  secondary  cell  of  the  present  invention  is  provided  with  a  non-reverse  type  switch 
for  current-cutoff  positioned  between  the  explosion-proof  valve  and  the  terminal  cap  and  does  not  have  a  structure  in 
which  the  switch  is  not  directly  welded  to  the  valve  body  undergoing  deformation  when  the  internal  pressure  of  the  cell 
increases.  Therefore,  the  cell  permits  shutting  off  of  the  electrical  connection  within  the  cell  with  certainty  at  the  initial 
stage  of  an  increase  in  the  cell  temperature  or  internal  pressure  of  the  cell  encountered  when  abnormality  such  as 
overcharge  or  short  occurs.  Moreover,  the  switch  for  current-cutoff  can  be  formed  independent  of  the  explosion-proof 
valve.  Accordingly,  the  cutoff  function  thereof  can  be  confirmed  prior  to  the  incorporation  thereof  into  the  cell  and  thus 
the  present  invention  can  provide  an  enclosed  type  non-aqueous  secondary  cell  having  high  reliability  and  high  safety. 

Furthermore  the  current-cutoff  effect  can  be  improved  through  the  use  of  a  carbonate  in  combination  with  a  positive 
electrode  active  material. 

Claims 

1.  An  enclosed  non-aqueous  secondary  cell  in  which  a  group  of  electrodes  (2)  comprising  positive  and  negative 
electrodes  allowing  absorption  and  release  of  a  light  metal  and  separators  are  accommodated  in  a  closed-end 
cell-armoring  can  (1  )  together  with  a  non-aqueous  electrolyte  and  an  opening  of  the  armoring  can  is  closed  by  an 
insulating  gasket  (5)  positioned  around  the  inner  periphery  of  the  opening  of  the  can  and  a  closing  lid  fitted  in  and 
supported  by  the  gasket  and  simultaneously  serving  as  a  positive  or  negative  terminal,  wherein:  the  closing  lid 
comprises  an  explosion-proof  valve  (6)  capable  of  deforming  in  the  direction  opposite  to  the  group  of  electrodes 
in  response  to  an  increase  in  the  internal  pressure  of  the  cell,  a  terminal  cap  (9)  provided  with  vent  holes  (9a)  and 
arranged  at  the  side  of  the  explosion-proof  valve  opposed  to  the  group  of  electrodes,  and  a  non-reverse  type  switch 
which  is  positioned  between  the  explosion-proof  valve  and  the  terminal  cap  and  is  welded  to  the  valve  body  and 
serves  to  shut-off  the  electrical  connection  between  the  terminal  cap  and  the  positive  or  negative  electrode  when 
the  temperature  of  the  cell  is  raised  or  the  internal  pressure  of  the  cell  is  increased. 

2.  A  cell  according  to  Claim  1  ,  wherein  the  switch  comprises  a  conductor  consisting  essentially  of  a  shape  memory 
alloy. 

3.  A  cell  according  to  Claim  1  or  Claim  2,  wherein  the  non-reverse  type  switch  is  one  having  a  contact  type  electrical 
connection  system,  in  which  the  connected  portion  is  separated  in  its  operating  condition. 

4.  A  cell  according  to  any  preceding  Claim,  wherein  the  non-reverse  type  switch  is  one  having  a  welded  type  electrical 
connection  system,  in  which  the  welded  portion  is  broken  or  peeled  off  in  its  operating  condition. 
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5.  A  cell  according  to  any  of  Claims  1  to  3,  wherein  the  non-reverse  type  switch  is  one  having  a  caulking  type  electrical 
connection  system,  in  which  the  caulked  portion  is  broken  in  its  operating  condition. 

6.  A  cell  according  to  any  of  Claims  1  to  3,  wherein  the  non-reverse  type  switch  is  one  comprising  a  platelike,  rod- 
5  like  or  linear  electrically  connected  portion,  in  which  the  electrically  connected  portion  is  cut  by  a  cutting  means. 

7.  A  cell  according  to  any  of  Claims  1  to  3,  wherein  the  non-reverse  type  switch  is  a  pressure-contact  type  switch, 
which  makes  use  of  a  plate  spring  or  a  spiral  spring. 

10  8.  A  cell  according  to  any  of  Claims  1  to  4,  wherein  the  non-reverse  type  switch  is  a  welded-type  switch,  in  which  a 
part  of  a  plate  spring  is  connected  to  the  explosion-proof  valve  through  welding. 

9.  A  cell  according  to  any  preceding  Claim,  wherein  the  positive  electrode  active  material  is  used  in  combination  with 
sodium  and/or  potassium  and/or  rubidium  and/or  magnesium  and/or  calcium  and/or  barium  salts  of  carbonic  acid. 

15 
10.  A  cell  according  to  Claim  9,  wherein  the  positive  electrode  active  material  is  used  in  combination  with  sodium  and/ 

or  potassium  and/or  rubidium  salts  of  carbonic  acid  in  an  amount  of  not  less  than  0.1%  by  weight  and  not  more 
than  5%  by  weight  on  the  basis  of  the  weight  of  the  active  material  and/or  the  positive  electrode  active  material  is 
used  in  combination  with  magnesium  and/or  calcium  and/or  barium  salts  of  carbonic  acid  in  an  amount  of  not  less 

20  than  0.5%  by  weight  and  not  more  than  25%  by  weight  on  the  basis  of  the  weight  of  the  active  material. 

Patentanspriiche 

25  1.  Gekapselte,  nicht-wassrige  Sekundarzelle,  in  der  eine  Gruppe  von  Elektroden  (2),  umfassend  positive  und  nega- 
tive  Elektroden,  die  die  Absorption  und  Freigabe  eines  Leichtmetalls  erlauben,  und  Trennmittel  in  einer  geschlos- 
senen  Zellensicherheitsdose  (1)  zusammen  mit  einem  nicht-wassrigen  Elektrolyten  eingebracht  sind,  und  eine 
Offnung  der  Sicherheitsdose  durch  eine  isolierende  Dichtung  (5),  die  urn  die  innere  Peripherie  der  Offnung  der 
Dose  angebracht  ist,  und  einen  Verschlussdeckel,  der  der  Dichtung  angepasst  ist  und  hierdurch  gestutzt  wird  und 

30  der  gleichzeitig  als  positiver  oder  negativer  Pol  dient,  geschlossen  ist,  wobei  der  Verschlussdeckel  ein  explosions- 
sicheres  Ventil  (6),  welches  zur  Deformierung  in  der  der  Gruppe  der  Elektroden  gegenuberliegenden  Seite  bei 
Erhohung  des  inneren  Drucks  der  Zelle  fahig  ist,  einen  Poldeckel  (9)  mit  Beluftungslochern  (9a),  der  an  der  der 
Gruppe  der  Elektroden  gegenuberliegenden  Seite  des  explosionssicheren  Ventils  angeordnet  ist,  und  einen  nicht- 
reversiblen  Schalter,  derzwischen  dem  explosionssicheren  Ventil  und  dem  Poldeckel  angeordnet  ist  und  an  einen 

35  Ventilkorper  geschweisst  ist  und  als  Unterbrechung  der  elektrischen  Verbindung  zwischen  dem  Poldeckel  und  der 
positiven  oder  der  negativen  Elektrode  dient,  wenn  die  Zelltemperatur  sich  erhoht  oder  der  innere  Druck  der  Zelle 
ansteigt,  umfasst. 

2.  Zelle  gemass  Anspruch  1,  wobei  der  Schalter  einen  Leiter,  im  wesentlichen  bestehend  aus  einer  Legierung  mit 
40  Memory-Effekt  fur  die  Form,  umfasst. 

3.  Zelle  gemass  Anspruch  1  oder  Anspruch  2,  wobei  der  nicht-reversible  Schalter  ein  kontaktierendes  elektrisches 
Verbindungssystem  aufweist,  bei  dem  das  Verbindungsteil  im  Funktionszustand  getrennt  ist. 

45  4.  Zelle  gemass  einem  der  vorhergehenden  Anspruche,  wobei  der  nicht-reversible  Schalter  ein  geschweisstes  elek- 
trisches  Verbindungssystem  aufweist,  bei  dem  der  geschweisste  Teil  im  Funktionszustand  gebrochen  oder  abge- 
lost  ist. 

5.  Zelle  gemass  einem  der  Anspruche  1  bis  3,  wobei  der  nicht-reversible  Schalter  ein  abdichtendes  elektrisches 
so  Verbindungssystem  aufweist,  bei  dem  der  abgedichtete  Teil  im  Funktionszustand  gebrochen  ist. 

6.  Zelle  gemass  einem  der  Anspruche  1  bis  3,  wobei  der  nicht-reversible  Schalter  einen  plattenartigen,  stabartigen 
oder  linearen,  elektrisch  verbundenen  Teil  umfasst,  bei  dem  der  elektrisch  verbundene  Teil  durch  ein  Schneide- 
mittel  ausgeschnitten  ist. 

55 
7.  Zelle  gemass  einem  der  Anspruche  1  bis  3,  wobei  der  nicht-reversible  Schalter  ein  Druckkontaktschalter  ist,  der 

sich  eine  Plattenfeder  oder  eine  Spiralfeder  zunutze  macht. 
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8.  Zelle  gemass  einem  der  Anspruche  1  bis  4,  wobei  der  nicht-reversible  Schalter  ein  geschweisster  Schalter  ist,  bei 
dem  ein  Teil  einer  Plattenfeder  an  das  explosionssichere  Ventil  durch  Schweissen  verbunden  ist. 

9.  Zelle  gemass  einem  der  vorhergehenden  Anspruche,  wobei  das  aktive  Material  der  positiven  Elektrode  in  Kom- 
bination  mit  Natrium-  und/oder  Kalium-  und/oder  Rubidium-  und/oder  Magnesium-  und/oder  Calcium-  und/oder 
Bariumsalzen  der  Kohlensaure  verwendet  werden. 

10.  Zelle  gemass  Anspruch  9,  wobei  das  aktive  Material  der  positiven  Elektrode  in  Kombination  mit  Natrium-und/oder 
Kalium-  und/oder  Rubidiumsalzen  der  Kohlensaure  in  einer  Menge  von  nicht  weniger  als  0,1  Gew.%  und  nicht 
mehr  als  5  Gew.%  in  bezug  auf  das  Gewicht  des  aktiven  Materials  verwendet  wird,  und/oder  das  aktive  Material 
der  positiven  Elektrode  in  Kombination  mit  Magnesium-  und/oder  Calcium-und/oder  Bariumsalzen  der  Kohlensau- 
re  in  einer  Menge  von  nicht  weniger  als  0,5  Gew.%  und  nicht  mehr  als  25  Gew.%  in  bezug  auf  das  Gewicht  des 
aktiven  Materials  verwendet  wird. 

Revendications 

1.  Accumulateur,  non  aqueux,  ferme,  dans  lequel  un  groupe  d'electrodes  (2)  comprenant  des  electrodes  positives 
et  des  electrodes  negatives  permettant  I'absorption  et  la  liberation  d'un  metal  leger,  et  des  separateurs  qui  sont 
loges  dans  une  enveloppe  de  blindage  (1  )  de  I'accumulateur  a  extremites  fermees  en  meme  temps  qu'un  electrolyte 
non  aqueux,  et  une  ouverture  de  I'enveloppe  de  blindage  est  fermee  par  une  garniture  isolante  (5)  disposee  autour 
de  la  peripherie  interieure  de  I'ouverture  de  I'enveloppe,  et  un  couvercle  de  fermeture  ajuste  dans  la  garniture  et 
soutenu  par  celle-ci,  et  servant  en  meme  temps  de  borne  positive  ou  de  borne  negative,  dans  lequel:  le  couvercle 
de  fermeture  comporte  un  clapet  (6)  anti-explosion,  apteasedeformer  dans  la  direction  opposee  acelle  du  groupe 
d'electrodes  en  reponse  a  une  augmentation  de  la  pression  interne  de  I'accumulateur,  une  coiffe  d'extremite  (9) 
pourvue  de  trous  d'event  (9a)  et  disposee  du  cote  du  clapet  anti-explosion  oppose  a  celui  du  groupe  d'electrodes, 
et  un  commutateur  de  type  non  reversible,  qui  est  dispose  entre  le  clapet  anti-explosion  et  la  coiffe  d'extremite  et 
est  soude  au  corps  du  clapet  et  sert  a  interrompre  la  connexion  electrique  entre  la  coiffe  d'extremite  et  I'electrode 
positive  ou  I'electrode  negative  lorsque  la  temperature  de  I'accumulateur  augmente  ou  lorsque  la  pression  interne 
de  I'accumulateur  augmente. 

2.  Accumulateur  selon  la  revendication  1  ,  dans  lequel  le  commutateur  comporte  un  conducteur  essentiellement  cons- 
titue  d'un  alliage  a  memoire  de  forme. 

3.  Accumulateur  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  le  commutateur  de  type  non  reversible 
est  un  commutateur  dote  d'un  systeme  de  connexion  electrique  du  type  a  contact,  dans  lequel  la  partie  connectee 
est  separee  dans  son  etat  de  fonctionnement. 

4.  Accumulateur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  commutateur  du  type  non 
reversible  est  un  commutateur  dote  d'un  systeme  de  connexion  electrique  du  type  soude,  dans  lequel  la  partie 
soudee  est  rompue  ou  arrachee  dans  son  etat  de  fonctionnement. 

5.  Accumulateur  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  commutateur  de  type  non  reversible 
est  un  commutateur  dote  d'un  systeme  de  connexion  electrique  du  type  mate,  dans  lequel  la  partie  matee  est 
rompue  dans  son  etat  de  fonctionnement. 

6.  Accumulateur  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  commutateur  de  type  non  reversible 
est  un  commutateur  comportant  une  partie  de  liaison  electrique  en  forme  de  plaque,  en  forme  de  tige  ou  lineaire, 
dans  lequel  la  partie  de  liaison  electrique  est  coupee  par  un  moyen  de  coupe. 

7.  Accumulateur  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  commutateur  de  type  non  reversible 
est  un  commutateur  du  type  a  contact  par  pression,  qui  recourt  a  un  ressort  plat  ou  un  ressort  spirale. 

8.  Accumulateur  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  le  commutateur  de  type  non  reversible 
est  un  commutateur  de  type  soude,  dans  lequel  une  partie  d'un  ressort  plat  est  reliee  par  soudage  a  le  clapet  anti- 
explosion. 

9.  Accumulateur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  materiau  actif  de  I'electrode 
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positive  est  utilise  en  combinaison  avec  des  sels  de  sodium  et/ou  de  potassium  et/ou  de  rubidium  et/ou  de  ma- 
gnesium  et/ou  de  calcium  et/ou  de  baryum  de  I'acide  carbonique. 

10.  Accumulateur  selon  la  revendication  9,  dans  lequel  le  materiau  actif  de  I'electrode  positive  est  utilise  en  combi- 
naison  avec  des  sels  de  sodium  et/ou  de  potassium  et/ou  de  rubidium  de  I'acide  carbonique,  en  quantite  non 
inferieure  a  0,1%  en  poids  et  non  superieure  a  5%  en  poids,  calcules  par  rapport  au  poids  du  materiau  actif,  et/ 
ou  le  materiau  actif  de  I'electrode  positive  est  utilise  en  combinaison  avec  des  sels  de  magnesium  et/ou  de  calcium 
et/ou  de  baryum  de  I'acide  carbonique,  en  quantite  non  inferieure  a  0,5%  en  poids  et  non  superieure  a  25%  en 
poids,  calcules  par  rapport  au  poids  du  materiau  actif. 
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